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1 Introduction

In 1917, the American composer Cole Porter moved to Paris and acquired an opulent residence built in 1777 for the

brother of Louis XVI. There, he hosted luminaries like F. Scott Fitzgerald and Ernest Hemmingway and composed

memorable tunes like “Night and Day” and “Anything Goes.”

Buying a home in a foreign country was unusual at the beginning of the 20th century but has become increas-

ingly common in recent decades. As remote work opportunities expand (Dingel and Neiman, 2020 and Aksoy,

Barrero, Bloom, Davis, Dolls, and Zarate, 2022), many more people are seeking residence in foreign destinations.

At the same time, higher incomes and reduced air travel costs have greatly increased international tourism

flows. According to data compiled by the United Nations World Tourism Organization, international tourist ar-

rivals have grown at an average annual rate of 6.1 percent between 1950 and 2019.

The surge in the flow of foreign residents is transforming housing markets in many cities across the globe.

These flows generate capital gains for property and land owners but negatively impact renters and affect poten-

tially important production, congestion, and amenities externalities.

Many countries have grappled with how to deal with large inflows of foreign residents. The policies adopted

so far vary widely, from laissez-faire approaches and incentive programs designed to attract foreign home buyers

to special taxes and regulations that limit foreign property ownership.1

We also see a wide range of strategies with respect to tourism. Some countries adopt a hands-off approach.

Others subsidize investment in hotels and tourism-related infrastructure to attract more visitors. A third approach,

increasingly common, involves introducing various fees–such as arrival and departure taxes, daily levies, and

charges per night for accommodations–to regulate and reduce the flow of tourists.2

Determining the optimal policy regarding foreign residents is important for three reasons. First, housing is the

primary asset in most household portfolios (Cocco, 2005). Second, the availability of affordable housing near the

workplace influences commuting times and job choices in ways that can significantly affect workers’ productivity

and welfare. Third, most economic activity occurs in cities (Rossi-Hansberg and Wright, 2007).
1France and the United States impose no restrictions on foreign home buyers. Greece, Portugal, and Spain offer tax breaks and visa programs

to attract foreign buyers. Some Canadian provinces, Hong Kong, Israel, and Singapore levy special taxes on foreign property purchases. The
city of Vancouver has imposed taxes on unoccupied homes. Switzerland enforces annual quotas on foreign home sales, and New Zealand has
strict foreign real estate investment limitations. In Australia, foreigners are generally prohibited from purchasing existing dwellings but can
invest in new buildings or vacant land. The Philippines and Thailand permit foreign home ownership but prohibit land ownership.

2See Allen, Fuchs, Ganapati, Graziano, Madera, and Montoriol-Garriga (2020) for an insightful analysis of the effect of tourism on the
welfare of the local population.
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We use a Mirrleesian approach (Mirrlees, 1971) to characterize optimal policy in a model that embeds key

insights from the economic geography literature. This public finance approach imposes no a priori restrictions on

the policy instruments available to the planner. Instead, we assume that the planner faces information constraints:

it cannot observe the location preferences that affect the choice of where to live and work. We characterize the

second-best optimum given these constraints.

We find that it is optimal to use place-based taxes and transfers on locals and foreigners to internalize externali-

ties. Imposing restrictions or taxes on home purchases by foreigners is never optimal. Likewise, it is never optimal

to subsidize foreign residents’ home purchases. We also find that the ideal long-term balance between offices and

residences in each location can be attained without imposing zoning regulations.

One notable feature of these optimal policies is that they do not depend on specific assumptions about the

form of the utility function, the distribution of individual preferences for different locations, or the social welfare

weights assigned to different individuals. They are general principles that emerge from our analysis of the second-

best allocations.

In Section 2, we discuss how our results relate to the Ramsey (1927)-style optimal policy analyses in the liter-

ature, which specify an exogenous set of policy instruments. This specification often shapes policy conclusions

regarding the optimality of zoning regulation or taxes on foreign home purchases.

We also provide a set of sufficient statistics to evaluate the impact of an influx of foreign residents in the

benchmark competitive equilibrium and to calculate place-based tax/transfer policies required to implement the

optimal solution.3 We emphasize how the equity-efficiency tradeoff is shaped by the presence of production,

congestion, and other externalities, and how these considerations shape optimal transfers.

To motivate our analysis, we assemble a new dataset for Lisbon for the 2011-21 period. The data includes census

information, time series on tourism flows, millions of web-scrapped real-estate listings, housing stock estimates,

and commuting time data. We focus on Lisbon due to the availability of data. However, anecdotal evidence

suggests that Lisbon’s experience is representative of broader trends in other global cities, such as Barcelona,

Venice, and Vancouver.

We document five key facts:

3We do not analyze the possibility of multiple equilibria. See Owens, Rossi-Hansberg, and Sarte (2020) for an analysis of how policy can
also be used to implement a particular equilibrium.
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1. A significant influx of foreign residents and tourists;

2. A small decline in the number of housing units in the city center;

3. A sharp rise in inflation-adjusted housing prices and rents in both the city center and peripheral municipali-

ties;

4. A large outflow of domestic residents from the city center;

5. A substantial number of commuters spend considerable time traveling to and from work, with commuting

times rising sharply during rush hours due to traffic congestion.

Our model is consistent with these facts and provides a natural causal interpretation: the rise in the number of

foreign residents and tourists drives Lisbon’s urban dynamics during our sample period.

The baseline model has a central location and multiple peripheries. Each location has a stock of housing and

offices that is fixed in the short run. Foreign residents prefer to live in the city center and have an outside option,

which represents their best choice if they move to a different foreign city.

Locals freely choose where to live and work, potentially incurring commuting costs if they live and work in

different locations. Wages, idiosyncratic tastes for locations, location-specific amenities, and commuting times

influence the locals’ home and work location choices. Households are also heterogeneous in their ownership of

houses and office buildings.

We begin by examining the competitive equilibrium and assessing the impact of a marginal increase in foreign

residents on social welfare. Using recent advances in welfare analysis by Dávila and Schaab (2022), we decompose

the impact on social welfare into three components. The first pertains to the housing capital gains that accrue to

the locals. An influx of foreign residents increases housing demand in the city center, raising rents. So, locals can

make capital gains by selling houses to foreigners. This effect, which we call the foreign-resident surplus, is always

positive. It is analogous to the immigration surplus discussed in the immigration literature (see, e.g., Borjas, 1995,

and Guerreiro, Rebelo, and Teles, 2020). The second effect relates to the agglomeration or production externality

emphasized by Jacobs (1969), Lucas (1988, 2001), Lucas and Rossi-Hansberg (2002), and Ahlfeldt, Redding, Sturm,

and Wolf (2015). This effect can be negative if the arrival of foreigners leads to the relocation of workers from high-

to low-productivity locations. The third effect is income inequality resulting from heterogeneity in work locations
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and real estate ownership.

Next, we study the Mirrleesian policy toward local and foreign residents that maximizes the welfare of the

local population. We find it is optimal to distort location decisions by giving relatively higher transfers to locals

working in the city center to foster agglomeration externalities. These place-based taxes/transfers are also used to

redistribute income across households.

In this baseline model, it is not optimal to restrict the entry of foreign residents or distort their housing choices.

The optimal policy toward foreigners is laissez-faire: their house purchases are not taxed, and entry is unrestricted

with zero entry fees.

This result may seem counterintuitive. After all, the domestic economy is a monopolist in the supply of its

city-center housing. Why not use this monopoly power by imposing a tariff? When the number of foreigners

moving to the city is fixed, the optimal approach is to impose a lump-sum entry fee that captures the gains from

trade rather than distorting foreigners’ housing choices. In other words, it is optimal for the country to implement

a two-part tariff. However, when the planner can choose the number of foreign residents who move to the city,

the optimal number is reached when the gains from trade for the marginal foreigner are zero. Consequently, the

optimal entry fee in this scenario is zero.

We expand our model to incorporate additional features to address issues discussed in policy debates. We

introduce congestion externalities by assuming that commuting time increases with the number of commuters.

We show that, with endogenous commuting time, the sufficient statistics that describe the optimal place-based

transfers to locals also take into account the correction of congestion externalities and the interaction of congestion

and agglomeration externalities. This interaction arises because increased commuting time reduces agglomeration

externalities.

In the extended model, we introduce the option of remote work, allowing workers to perform their jobs from

home. In this scenario, locals can work for firms in the city center without commuting. Remote workers neither

contribute to agglomeration externalities nor to commuting-related congestion. Optimal transfers consider the

trade-off between the reduced impact of remote workers on agglomeration externalities and their positive effect

in alleviating congestion.

We also assume that foreigners value authenticity, that is, they derive utility from having locals live and work

in the city center. At first sight, one might think that this feature would not affect the social optimum. After
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all, the planner does not include the utility of foreigners in the social welfare function. However, it is optimal to

internalize this externality by providing transfers to locals who live and work in the city center. The rationale for

this policy is that the externality affects the participation constraint of foreigners and influences their relocation

decisions.

We consider settings where foreigners may directly impact the value locals attach to amenities in the city

center. We show that these amenity externalities do not affect the statistics for the optimal transfers to locals

but introduce a reason to distort the entry of foreigners. If these externalities are negative, it is optimal to correct

them by imposing a lump-sum tax on foreigners, similar to the per-diem or per-night tax levied on tourists by

an increasing number of cities.4 As in the baseline model, it is not optimal to distort foreigners’ house purchases

relative to purchases of other goods.

Finally, we consider the scenario where the outside option for foreign residents increases with the number of

foreigners relocating to the city. This extension reflects the idea that the influx of foreigners into the city may

reduce the number of foreigners entering other cities worldwide, reducing house prices or improving the value of

amenities abroad. This effect, which enhances the attractiveness of other cities, is only present if the domestic city

is large, in the sense that the number of foreigners entering the city has general equilibrium effects abroad. In this

case, it is optimal to impose an entry fee to reduce the number of newcomers in order to moderate the increase in

the reservation utility of the marginal foreigner.

Even though the extended model incorporates numerous ways in which the entry of foreign residents could

impact the welfare of the local population, we find that distorting foreigners’ housing purchases relative to pur-

chases of other goods is never optimal.

Our model provides insights into the implications of an inflow of foreign residents for optimal long-run city

design. By the long run, we mean a time frame in which offices can be converted into houses and vice versa. In

our model, it is optimal to convert offices into houses in the city center to meet the increased demand for housing.5

However, the optimal strategy for the peripheries is ambiguous. On the one hand, more locals reside in these

areas, raising the marginal value of housing. On the other hand, more people work in the periphery, increasing

4In practice, these per-diem taxes can also be implemented by imposing a fixed fee on foreigners who rent or purchase a home. This fixed
fee does not distort the choice between housing and consumption.

5In our model, we assume that the only non-traded goods that foreigners value are housing services. However, our results apply more
broadly to different forms of non-traded goods valued by foreigners, e.g., restaurants. The optimal long-run city design is to increase the
supply of such services in the city center.
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the value of office spaces. We also show that the optimal transfers described above provide the correct incentives

for converting houses into offices and vice-versa. Consequently, the long-run optimal policy does not require

zoning restrictions on building houses or offices.

The paper is organized as follows. Section 2 briefly reviews the relevant literature. In Section 3, we use data for

Lisbon to document key facts that motivate our model. Section 4 introduces the baseline model, characterizes the

competitive equilibrium, and assesses the welfare impact of an increase in foreign residents. Section 5 describes

the optimal Mirrleesian policy for the baseline model. In Section 6, we extend the model to include elements such

as traffic congestion, remote work, amenity effects, foreigners’ preference for authenticity, and the influence of

the number of incoming foreigners on the outside option of the marginal foreigner. Section 7 explores long-run

implications of foreign residents inflows. We summarize our conclusions in Section 8.

2 Related literature

We use a standard geography model which builds on an extensive literature that includes important contributions

by Alonso (1964), Mills (1967), Muth (1969), Lucas and Rossi-Hansberg (2002), Rossi-Hansberg (2005), Desmet and

Rossi-Hansberg (2013), Ahlfeldt, Redding, Sturm, and Wolf (2015), Allen, Arkolakis, and Li (2015), among others.

Our paper is most related to the analysis of the impact of foreign home buyers on welfare by Favilukis and

Van Nieuwerburgh (2021). These authors build a quantitative model with two locations and assume that foreign

residents disproportionally buy houses in the city center. Favilukis and Van Nieuwerburgh (2021) argue that the

influx of foreign residents reduces local welfare. Their model does not feature the externalities we emphasize. In

their framework, welfare losses stem from redistribution among people with different levels of home ownership.

They conclude that policies that tax foreign home purchases may improve welfare. Our analysis also incorporates

heterogeneity in home ownership. However, we do not place a priori restrictions on the set of available policy

instruments. Instead, we impose Mirrlees (1971)-style information constraints. We show that distorting foreign

home purchases relative to other goods is not optimal. In addition, absent amenity externalities and worldwide

effects on the outside option of the marginal foreigner, we find that the entry of foreign residents should not be

distorted. The optimal policy is to tax the initial capital gains on houses to improve redistribution.

Our analysis is also related to a growing body of literature on the optimal use of place-based policies to address

local externalities. Notable contributions to this literature include Fu and Gregory (2019), Fajgelbaum and Gaubert
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(2020), Rossi-Hansberg, Sarte, and Schwartzman (2019), among others.6 Fajgelbaum and Gaubert (2024) provides

a recent survey on the optimal spatial-policy literature, emphasizing the use of Pigouvian taxes to achieve effi-

ciency.7 In contrast, we explore Mirrlees (1971)-style optimal policies, which balance equity and efficiency under

information constraints. As a result, Pigouvian taxes that optimize efficiency are no longer optimal.

Our welfare results are also related to recent work by Donald, Fukui, and Miyauchi (2024), which studies

optimal spatial transfers and the welfare impact of shifts in technology, spatial dispersion of marginal utility, fiscal

and technological externalities. They characterize the welfare gains from improving the U.S. highway network.

Our paper focuses on the interplay between optimal spatial transfers and the optimal taxation of foreign residents.

Mongey and Waugh (2024) also study the efficiency properties of models with discrete choices and additive

random utility, like those used in this paper. They calculate optimal Ramsey linear policies in a spatial equilibrium

model and show how the results depend on efficiency vs. redistribution considerations. Our optimal transfer

formulas also emphasize the distinct roles of these two forces.

This paper is also related to the work of Gaubert, Kline, Vergara, and Yagan (2021), who study optimal Mir-

rleesian redistribution policies across space when individuals differ both in their preference for different locations

and work productivity. These authors emphasize the importance of the responsiveness of workers’ location deci-

sions to fiscal policy. Like them, we find that the optimal redistributive policy depends on the elasticity of location

choices in response to transfers. In addition, we study how externalities shape optimal transfers and characterize

the optimal policy toward foreign residents. We we do not consider differences in worker productivity and labor

supply. However, our results regarding the optimal entry fees for foreigners and taxes on house purchases, by

foreigners and locals, would continue to hold in an extension of our model that includes those productivity and

labor supply differentials, under the conditions discussed in Atkinson and Stiglitz (1976).

Section 6 explores how city amenities influence optimal policy. This discussion relates to a growing literature

examining how changes in the composition of residents impact local amenities, see, e.g., Guerrieri, Hartley, and

Hurst (2013), Diamond (2016), and Almagro and Dominguez-Iino (2022).

6In general, the optimal policy depends on the distribution of the location preferences. Davis and Gregory (2021) argue that the distribution
of these preferences cannot be identified using location-choice data. Rossi-Hansberg, Sarte, and Schwartzman (2019) show that the optimal
policy in their environment is not significantly affected by the distribution of location preferences.

7Formally, Fajgelbaum and Gaubert (2020, 2024) assume that people are free to choose where to live and that there are no location prefer-
ences. These assumptions imply that utility must be equalized across regions, or, in other words, the migration elasticity is infinite. It follows
that the planner cannot use location choices as a tag for redistribution (we show this result in Corollary 2). So, the optimal Ramsey policy
results reflect only the efficiency gains from correcting agglomeration externalities.
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Our analysis in Section 7 is related to the literature on optimal city design. Allen, Arkolakis, and Li (2015)

show that zoning policies mandating land use for housing or office buildings improve welfare in the presence of

externalities. In contrast, we find that it is not optimal to implement zoning policies. This difference arises because

we impose no restrictions on the set of policy instruments, allowing externalities to be addressed with policies that

are less distortionary than zoning.

3 Empirical evidence

In this section, we present data for Lisbon to establish key facts that inform the design of our model.

We use data from the 2011 and 2021 Portuguese censuses to examine the location choices of both domestic and

foreign residents, along with commuting patterns. Tourism flow estimates are obtained from Statistics Portugal.

Hotel occupancy is obtained from the Lisbon Tourism Association. We use the housing census (Census de Aloja-

mento) to estimate changes in the housing stock. To calculate commuting times, we combine data from the Google

Maps API with Open Street Map. We also assemble a new dataset of house rents and prices from web-scrapped

real-estate listings. Appendix A describes our data sources in detail.

Five key facts emerge from our empirical analysis.

Fact 1. The Lisbon municipality experienced a significant influx of foreign residents and tourists between 2011 and 2022.

Figure 1 shows that the number of foreign residents in the Lisbon municipality (the city center) grew by 20.6

thousand people.

Figure 2 shows a substantial increase in the number of tourists visiting Lisbon from 2011 to 2022, with tourists

primarily concentrated in the city center. To estimate the number of yearly-equivalent tourists for each period,

we divide the total number of tourist nights by 365×0.74, where 0.74 is the average hotel occupancy in Lisbon in

2023. This measure allows us to better quantify the impact of tourism on housing demand. The yearly-equivalent

number of tourists increased by 24.9 thousand, rising from 23.8 thousand (calculated as 17.6/0.74) in 2011 to 48.7

thousand (36.5/0.74) in 2022. Aggregate tourism data show that this upward trend continued through 2023 and

2024, suggesting that the high tourist volume in 2022 was not simply a post-COVID-19 rebound.

The combined increase in foreign residents and the yearly-equivalent housing units occupied by tourists total

45.5 thousand (20.6 + 24.9 thousand). With Lisbon’s municipal population at 553 thousand in 2011, the influx of
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Figure 1: Inflows of foreigners into the Lisbon municipality and peripheries from 2011 to 2021

foreign residents represents 8.2 percent of the population. In summary, the decade since 2011 has seen a significant

rise in the number of foreign residents in the center of Lisbon.
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Figure 2: Tourism inflows into the Lisbon municipality and peripheries

Fact 2. The number of effective housing units in the Lisbon municipality has slightly declined between 2011 and 2021.

Figure 3 shows that there was a net decrease of 3 thousand family homes (“alojamentos familiares clássicos”)

in the Lisbon municipality between 2011 and 2021, representing a one percent reduction in total housing units.

This decline is primarily due to the limited construction of new houses during this period, which was outpaced

by the number of homes that became uninhabitable or were demolished, and to the conversion of housing units
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into hotel rooms.

The Lisbon Tourism Association reports that the number of hotel rooms in Lisbon rose from 35.8 thousand

in October 2016 to 43.8 thousand in September 2021. Although data before 2016 is unavailable, the increase of

8 thousand rooms is likely to be a reasonable estimate for the growth in capacity between 2011 and 2021. The

expansion followed a period of sharply reduced investment due to the 2011 European debt crisis, which severely

impacted the Portuguese economy (see Eichenbaum, Rebelo, and de Resende, 2017).

To convert the additional 8,000 hotel rooms into equivalent housing units, we divide by the average of 4.5

rooms per home (as reported by INE’s 2021 Census on Population and Housing), resulting in an estimated 1,800

housing units. Combining the reduction in family homes with the increase in hotel rooms (measured in equivalent

housing units) produces a small but negative net change in the housing stock (1.8 - 3.0 = -1.2 thousand).
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Figure 3: Changes in the stock of family house units between 2011 and 2021 in the municipalities Lisbon metropoli-
tan area

Fact 3. There was a large rise in inflation-adjusted house prices and rents in Lisbon and in the peripheral municipalities.

Figure 4 shows that our measure of inflation-adjusted rents in the Lisbon municipality increased by 41 percent,

from 10.2 euros per square meter in 2011 to 14.4 euros per square meter in 2021. Figure 5 shows that, over the same

period, our measure of inflation-adjusted housing prices per square meter increased by 25 percent, from 2,950 to

3,701 euros.

10



Figure 4: Inflation-adjusted house rents in the municipalities of the Lisbon metropolitan area

Figure 5: Inflation-adjusted house prices in the municipalities of the Lisbon metropolitan area

Fact 4. There was a large outflow of domestic residents from the Lisbon municipality.

Figure 6 shows that 27.5 thousand domestic residents left the Lisbon metropolitan area between 2011 and 2021.

This figure also shows that the number of domestic residents living on the outskirts of Lisbon has increased.

Combining the inflow of foreign residents with the outflow of domestic residents, Lisbon’s city center saw an

overall increase in population of almost 20 thousand people.

Fact 5. The number of commuters is substantial. These workers spend a significant amount of time commuting, and this time

increases dramatically during rush hour due to traffic congestion.

The city center remains the main hub of economic activity, drawing many daily commuters. Census data

shows that nearly 250,000 workers commute to the Lisbon municipality on weekdays. Including non-working

commuters, such as students, this number rises to 300,000. This daily influx boosts the population in the city

center by almost 50 percent relative to the number of residents.
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Figure 6: Domestic resident flows for the municipalities of the Lisbon metropolitan area

We use data from the Google Maps API to estimate the average weekday commuting time between the Lis-

bon municipality and the surrounding municipalities. First, we calculate the commuting times between Lisbon

and each periphery at 8:00 AM and 5:00 PM. We then use commuting flow data from the 2021 census for the Lis-

bon metropolitan area to compute a weighted average. The resulting average round-trip commuting time is 81

minutes.

The average weekday round-trip commuting time between the Lisbon municipalities and the peripheries is 50

minutes at 3:00 AM and 81 minutes during rush hour, at 8:00 AM and 5:00 PM. So, commuting at 3:00 a.m. instead

of during rush hour reduces travel time by 38 percent.

Next, we introduce a model consistent with these key facts, where the influx of foreign residents drives urban

dynamics. Consistent with the data, we assume that the housing supply is constant. As the number of foreign res-

idents increases, housing prices rise in the city center, leading some domestic residents to move to the peripheries.

This outflow raises housing prices in those areas. Some displaced residents continue working in the city center,

enduring significant commuting times. For simplicity, our baseline model, presented in Section 4, abstracts from

commuting congestion. This congestion effect, along with other extensions, is incorporated in the model presented

in Section 6.

12



4 Competitive equilibrium in the baseline model

We consider a static city model composed of a city center, denoted by c, and a discrete number of peripheral

locations, denoted by p1, p2, ...pN . Each location ℓ has an endowment of residential buildings, Hℓ, and office

buildings, Kℓ, and produces a homogeneous and tradable good combining labor and office buildings. As described

below, productivity in location ℓ depends on the local labor supply because of production/agglomeration externalities.

The economy is inhabited by a continuum of local workers (locals). These locals choose freely where to live

and can commute to a different location for work. They derive utility from consuming a traded good and housing

services. A large number of foreigners are willing to enter the city if the utility of entering is larger than their

outside option. For simplicity, we assume that foreigners locate only in the city center.8

Locals Locals are heterogeneous along multiple dimensions. First, they have idiosyncratic taste preference ξℓ,j

for living in location ℓ and working in location j. Let ξ = {ξℓ,j} denote an individual’s vector of taste preferences.

Second, individuals have heterogenous ownership of houses and office buildings. Each individual is endowed

with hℓ ≥ 0 houses in location ℓ, and kℓ ≥ 0 office buildings in location ℓ. Let a ≡ {hℓ, kℓ} denote the individual’s

vector of asset holdings in different locations.9 The non-labor income of a local individual with assets a is Ta =

∑ℓ rℓhℓ + ∑ℓ rK
ℓ kℓ.

Each individual is characterized by the vector {a, ξ}. We denote the distribution of asset holdings by G(a).

We assume that, for each a, ξ is continuously distributed with support RN+1 and probability density function

fa(ξ). These idiosyncratic location preferences ensure that all living-working location decision pairs are chosen by

a non-zero mass of locals, thus eliminating corner solutions and simplifying the analysis. The distribution of asset

holdings satisfies the aggregation equations:
�

hℓdG(a) = Hℓ and
�

kℓdG(a) = Kℓ.

A local living in location ℓ and working in location j has utility Ua,ξ = Ua,ℓ,j + ξℓ,j, which is the sum of two

components. The first component is:
Ua,ℓ,j ≡ uℓ,j + u

(
ca,ℓ,j, ha,ℓ,j

)
. (1)

8Our results would go through under the weaker assumption that foreign residents disproportionally locate in the city center relative to
locals.

9Several papers in the spatial literature assume that real estate ownership in a given region is equally distributed among the people who
choose to locate in that region. This assumption creates a distortion in people’s spatial allocation (see Fajgelbaum and Gaubert, 2024). This
distortion is absent in our model. However, since we allow for an arbitrary correlation between asset holdings and location preferences, the
model is rich enough to allow assets in a region to be disproportionately owned by individuals who live in that region.
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We refer to this component as “common utility” because it is common to all who live in location ℓ, work in location

j, and have asset holdings a. Common utility depends on the satisfaction people derive from consuming traded

goods, ca,ℓ,j, buying housing services, ha,ℓ,j, and the amenity value of their location choices, uℓ,j. The second

component is an idiosyncratic taste preference ξℓ,j we describe above.

Locals have one unit of time, which they allocate to working and commuting. If they live in location ℓ and

work in location j, they spend a fraction tℓ,j ≥ 0 of their time endowment commuting and therefore work only

1 − tℓ,j hours. The budget constraint of a local, with assets a, living in ℓ and working in j is given by:

ca,ℓ,j + rℓha,ℓ,j ≤ wj(1 − tℓ,j) + Ta, (2)

where rℓ denotes the rental rate on houses and wj denotes the hourly wage in location j.

The solution to the problem of the locals satisfies the budget constraint (2) with equality, as well as the condi-

tion:
uh(ca,ℓ,j, ha,ℓ,j)

uc(ca,ℓ,j, ha,ℓ,j)
= rℓ.

Given free mobility, individual i chooses to live in ℓ and work in j if Ua,ℓ,j + ξℓ,j ≥ Ua,ℓ′ ,j′ + ξℓ′ ,j′ , for all ℓ′ and j′.10

Foreign residents To simplify, we assume that foreign residents strictly prefer to live in the city center. Their

problem is to choose consumption, c f , and housing in the center, h f , to maximize their utility:

U f ≡ u f + u
(

c f , h f

)
, (3)

where u f is the value foreign residents attach to the amenities in the center.

Foreigners bring a fixed endowment of the tradable good, y f , which they use to pay for consumption and

housing services. The foreign residents’ budget constraint is:

c f + rch f ≤ y f . (4)

The solution to the foreigners’ problem satisfies equation (4) with equality, as well as the condition:
uh(c f , h f )

uc(c f , h f )
= rc. (5)

When choosing not to enter the city, foreigners receive utility u∗
f . This outside option captures the utility they

obtain from moving to an alternative city abroad. They only migrate if their participation constraint is satisfied:

U f ≥ u∗
f . (6)

10Because idiosyncratic location preferences follow a continuous distribution, the set of individuals who are indifferent between one or more
locations has measure zero. Therefore, the way indifferences are resolved is inconsequential.
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Firms’ problem Each location has a representative, perfectly-competitive firm. The firm in location j produces

the homogeneous tradable good, yj, by combining labor, lj, and offices, k j. The production function is given by

yj = Aj
(

Lj
)

lα
j k1−α

j . (7)

Productivity in region j is given by the function Aj(Lj), which depends on total labor supply in location j due to

agglomeration (or production) externalities. Locations with a larger workforce are more productive because they

offer more opportunities for workers to learn from each other. For concreteness, we assume that

Aj
(

Lj
)
= AjL

γ
j . (8)

The parameter γ ≥ 0 controls the strength of the agglomeration externality. If γ = 0, there are no production

externalities. The higher is γ, the stronger are these externalities.

The firm hires workers at the wage rate wj and rents office space at the rental rate rK
j , earning profits yj − wjlj −

rK
j k j. The firm’s optimality conditions are:

wj = αA
(

Lj
) ( k j

lj

)1−α

and rK
j = (1 − α)A

(
Lj
) ( k j

lj

)−α

. (9)

Aggregation and market clearing Let πa,ℓ,j denote the share of locals who choose to live in ℓ and commute to j

for work, conditional on asset level a. So, ∑ℓ,j πa,ℓ,j = 1 for all a. By the law of large numbers, the shares are given

by πa,ℓ,j ≡ P[Ua,ℓ,j + ξℓ,j ≥ Ua,ℓ′ ,j′ + ξℓ′ ,j′ , ∀(ℓ′, j′)|a]. The total share of individuals who live in region ℓ and work

in j is given by πℓ,j =
�

πa,ℓ,jdG(a).

Using these definitions, we can write the housing-market clearing conditions as
�

∑
j

πa,ℓ,jha,ℓ,jdG(a) = Hℓ ℓ ̸= c, and
�

∑
j

πa,c,jha,c,jdG(a) + N f h f = Hc, (10)

and the total labor supply in location j as Lj = ∑ℓ πℓ,j(1 − tℓ,j).

Furthermore, market clearing conditions in the labor and office rental markets imply that k j = K j and lj = Lj.

So, output in location j is given by Yj = A
(

Lj
)

Lα
j K1−α

j . The goods market clearing condition is:
�

∑
ℓ,j

πa,ℓ,jca,ℓ,jdG(a) + N f c f = ∑
j

Yj + N f y f . (11)

The left-hand side of this equation represents the total consumption of local residents across all living and working

locations, combined with the total consumption of foreign residents, N f c f , where N f denotes the number of foreign

15



residents. On the right-hand side, we have the total production in each location, Yj, along with the endowment of

goods brought by the foreign residents, N f y f .

4.1 The welfare impact of an increase in foreign residents

We now use this model to examine the impact of an increase in the number of foreigners, dN f > 0, on the welfare

of the local population.11 We show that the welfare effects of an influx of foreign residents can be decomposed

into three terms: (1) the foreign-resident surplus, (2) the agglomeration-externality effect, and (3) the redistribution

effect resulting from shifts in the cross-sectional distribution of wages and housing prices.

We define the social welfare function as:

W ≡
�

λa,ξUa,ξ fa(ξ)dξdG(a), (12)

where λa,ξ ≥ 0 denotes the welfare weight attributed to agents of type a, ξ. We derive the properties of the optimal

policy without taking a stand on the weights λa,ξ chosen by the planner. So, the optimal policy is independent of

the planner’s preferences for redistribution across the domestic population.

The influx of foreign residents increases the demand for housing in the city center, driving up property prices

and leading the local population to reconsider where they live and work. In general equilibrium, these shifts in

location choices affect not only housing prices across different regions but also wages and office building rents,

through changes in labor supply and the impact of agglomeration externalities.

We now provide sufficient statistics for measuring the impact of a marginal increase in foreigners on social

welfare. For each variable x, we denote by dx the change associated with an infinitesimal increase in the number

of foreign residents in the city center dN f > 0.

Lemma 1. The change in social welfare is given by

dW =

�
∑
ℓ,j

πa,ℓ,jλa,ℓ,juc

(
ca,ℓ,j, ha,ℓ,j

) {
dwj

(
1 − tℓ,j

)
− drℓha,ℓ,j + dTa

}
dG(a), (13)

where λa,ℓ,j denotes the conditional average welfare weight on individuals with assets a and location decisions (ℓ, j).

The variable dW is measured in units of utility, which does not have a natural interpretation. Following Dávila

and Schaab (2022), we express welfare changes in a comparable unit by choosing the tradable consumption as the

11We assume that the participation constraint for foreigners (6) is slack, so that this change is feasible.
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numeraire dWCE ≡ dW�
∑ℓ,j πa,ℓ,jλa,ℓ,juc(ca,ℓ,j ,ha,ℓ,j)dG(a)

. We refer to this variable as the “consumption-equivalent” welfare

change. Dávila and Schaab (2022) show that, in general, welfare changes can be decomposed into an efficiency and

a redistribution component. In our model, this decomposition is given by

dWCE =

�
∑
ℓ,j

πa,ℓ,j

{
dwj

(
1 − tℓ,j

)
− drℓ × ha,ℓ,j + dTa

}
dG(a)︸ ︷︷ ︸

dWEfficiency
CE

+COVΠ

(
ωa,ℓ,j , dwj

(
1 − ta,ℓ,j

)
− drℓ × ha,ℓ,j + dTa

)
︸ ︷︷ ︸

dWR
CE

,

where ωa,ℓ,j ≡ λa,ℓ,juc(ca,ℓ,j, ha,ℓ,j)/
�

∑a,ℓ,j λa,ℓ,jπa,ℓ,juc(ca,ℓ,j, ha,ℓ,j)dG(a).12

The efficiency term is equal to the sum of individual’s willingness to pay (which can be negative) for this

change in the number of foreign residents. So, it corresponds to the Kaldor-Hicks efficiency criterion. A positive

efficiency term implies that the new equilibrium is Kaldor-Hicks superior to the initial one.

The decomposition shows that the consumption-equivalent welfare change is equal to this Kaldor-Hicks effi-

ciency component plus a correction for redistribution of resources across individuals. Among other effects, the

redistribution term accounts for the fact that individuals are differently exposed to capital gains on houses and

office buildings. The total effect of the increase in house rents of an individual’s location is given by

drℓ ×
[

ha,ℓ − ha,ℓ,j

]
.

This expression shows the central importance of an individual’s net position in assessing the welfare impact of

increases in asset prices. Suppose individuals are net buyers of housing services, ha,ℓ,j > ha,ℓ, then they are

harmed by the increase in rents. If individuals are net sellers ha,ℓ,j < ha,ℓ, then they benefit from the increase in

house prices.13

Suppose that preferences are quasi-linear, u(c, h) = c + v(h), and the planner assigns equal welfare weights to

all individuals, λa,ξ = 1. Then, ωℓ,j = 1 for all ℓ, j and the redistribution component is equal to zero, dWR
CE = 0.

With equal welfare weights and quasi-linear utility, the distribution of consumption is irrelevant for social welfare

because the marginal social value of consumption is identical for all individuals. So, in this extreme case, social

welfare would only be summarized by the efficiency term.
12In this definition, the cross-sectional covariance between two variables is constructed as follows:

COVΠ(x, y) ≡
�

∑
ℓ,j

πa,ℓ,jxa,ℓ,jya,ℓ,jdG(a)−
�

∑
ℓ,j

πa,ℓ,jxa,ℓ,jdG(a)
�

∑
ℓ,j

πa,ℓ,jya,ℓ,jdG(a).

13This result is a special case of the asset-price redistribution channel which is the focus of Fagereng, Gomez, Gouin-Bonenfant, Holm, Moll,
and Natvik (2024). In a different setting, Dávila and Korinek (2018) also emphasize the role of pecuniary redistribution in equilibrium models.
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We now take a closer look at the efficiency gains resulting from the entry of foreign residents. Proposition 1

states that these effects can be decomposed into two interpretable effects.

Proposition 1. The efficiency welfare gains can be written as the sum of two terms: dWEfficiency
CE = FS + PE . The first

term is the foreign-residents surplus, FS , and it is given by:

FS ≡ drc × N f h f .

The second term is the production or agglomeration externality term, PE , and it is given by:

PE ≡ γ × COVΠ

[
Yj

Lj

(
1 − tℓ,j

)
,

dπℓ,j

πℓ,j

]
= γ ∑

ℓ,j
πℓ,j

Yj

Lj

(
1 − tℓ,j

) dπℓ,j

πℓ,j
.

See Appendix B.2 for the proof.

The foreign resident surplus equals the capital gains from selling houses to foreigners. As the arrival of new

foreign residents increases the demand for housing in the city center, house rents rise (drc > 0), leading to higher

rental income from foreign tenants and increasing the welfare of local homeowners. This effect is the foreign-

resident surplus. This surplus is similar to the immigration surplus discussed in the immigration literature (e.g.,

Borjas, 1995 and Guerreiro et al., 2020), which results from an increase in the income accruing to fixed factors such

as land from an increase in the labor force.

The interpretation of PE is as follows. In general equilibrium, the entry of foreign residents causes locals to

relocate away from the city center. This shift in living arrangements is associated with changes in work location,

which redistribute labor across different areas. If this relocation causes labor to shift from more productive regions

to less productive ones, aggregate productivity declines, resulting in a welfare loss. This decrease in productivity

may occur because labor moves toward less efficient peripheries or because locals now have to commute to the

city center, reducing their total labor supply.

In summary, the entry of foreign residents has three key effects. First, it creates gains from trade associated with

selling houses to foreign residents, generating the foreign resident surplus. Second, by reallocating labor supply

to less productive regions or increasing commuting time, foreign residents’ entry can negatively impact aggregate

productivity via agglomeration externalities and reduce welfare. Finally, the general equilibrium effects of wages

and house rents have redistributive consequences for residents in different parts of the city.
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5 Mirrleesian optimal policy

Our analysis of the impact of foreign residents on the competitive equilibrium raises two questions. First, should

the entry of foreigners be restricted when the foreign resident surplus is smaller than the production externality?

Second, should foreign home purchases be taxed to internalize the agglomeration externality? To address these

questions, we now study the optimal public policy in our model and find that the answer to both questions is no.

In the spirit of Mirrlees (1971), we do not impose ex-ante restrictions on the set of instruments available to

the government. Instead, we work directly with the informational constraints that arise because agent types are

unobservable. We assume that the planner can differentiate between locals and foreigners but cannot observe

idiosyncratic tastes for locations. The planner can access information on individuals’ home and work locations,

asset holdings, and purchase decisions. The planner may find it optimal to condition allocations on asset holdings

when either the welfare weights influencing the planner’s objectives or the distribution of location preferences

are correlated with those holdings (tagging). In other words, the planner can base an individual’s allocations

on their decisions and asset holdings but not on their specific location preferences. If the distribution of asset

holdings is independent of the location preferences and welfare weights, then it is optimal to treat all locals the

same, conditional on their location choices.

Our results regarding the optimal treatment of foreigners would still hold even if the planner cannot condition

allocations on initial asset holdings a. However, in this case, the planner can only condition locals’ allocations on

their location decisions (ℓ, j), so the allocations and the transfers we describe below need to be equal for all a.

Incentive compatibility The planner designs allocations that give agent (a, ξ) the common utility Ua,ξ . However,

since the planner cannot condition allocations on ξ, all individuals with the same level of assets a who live and

work in the same region can costlessly mimic this agent. It follows that, in any incentive compatible allocation, all

individuals with assets a, who live in ℓ, and work in j obtain the same level of common utility Ua,ℓ,j and have the

same consumption, ca,ℓ,j, and housing allocations, ha,ℓ,j.

The incentive constraints resulting from this informational problem also require that location decisions be

privately optimal based on the allocations determined by the planner. It follows that individual (a, ξ) chooses to

live in location ℓ and work in location j if Ua,ℓ,j + ξℓ,j = maxℓ′ ,j′{Ua,ℓ′ ,j′ + ξℓ′ ,j′}. In the appendix, we show that
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these incentive compatibility constraints imply that

πa,ℓ,j = P[Ua,ℓ,j + ξℓ,j ≥ Ua,ℓ′ ,j′ + ξℓ′ ,j′ ∀ℓ′, j′|a], (14)

plus the fact that welfare is given by W(U) =
�

λa,ξ max{Ua,ℓ,j + ξℓ,j} f (ξ)dξdG(a). In words, incentive compati-

bility is equivalent to the population shares being induced by private optimality under free mobility.14

We can think of the planner as directly designing allocations {ca,ℓ,j, hℓ,j} which determine Ua,ℓ,j, subject to

πa,ℓ,j satisfying these incentive compatibility constraints. The Mirrleesian optimal allocations can be computed as

follows. The planner maximizes the welfare function (12), subject to the resource constraints for goods, (11), where

Lj ≡ ∑ℓ πℓ,j(1 − tℓ,j), the resource constraint for houses in each location, (10), the location-decisions constraints,

(14), and the foreign-resident participation constraint, (6). We refer to this problem as the Mirrleesian program.

5.1 Decentralization with taxes

We present our main results in terms of the instruments that decentralize the optimal allocation. The decentral-

ization we consider is a competitive equilibrium where people may be taxed on their house purchases and can

receive lump-sum taxes or transfers. For locals, these instruments are restricted to depend solely on their assets

and observable location decisions, whereas for foreigners, the instruments can be chosen independently.

We let (1 + τh
a,ℓ,j)rℓ denote the effective rent paid by locals who live in location ℓ, j and (1 + τh

f )rc denote the

effective rent paid by foreigners in the city center, which satisfy

(1 + τh
a,ℓ,j)rℓ =

uh(ca,ℓ,j, ha,ℓ,j)

uc(ca,ℓ,j, ha,ℓ,j)
and (1 + τh

f )rc =
uh(c f , h f )

uc(c f , h f )
.

The effective rent is an after-tax price, i.e., τh
a,ℓ,j and τh

f denote the tax on housing purchases.

Foreigners pay an entry fee if their income exceeds their expenditure on consumption and housing goods. We

define this fee as

T f ≡ y f − c f − (1 + τh
f )rch f . (15)

So, the total proceeds from taxing foreigners are Θ f = N f τh
f rch f + N f T f .

Finally, we define the transfers to individuals living in location ℓ and working in location j as

Ta,ℓ,j ≡ ca,ℓ,j + (1 + τh
a,ℓ,j)rℓha,ℓ,j − wj(1 − tℓ,j). (16)

14This result is similar to the representation theorem in Donald et al. (2024), but it holds for general welfare functions.
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Wages and office rents are given by equations (9), respectively, replacing lj = Lj and k j = K j. By construction,

adding up all transfers obtains:
�

∑
ℓ,j

πa,ℓ,jTa,ℓ,jdG(a) = ∑
ℓ

rℓHℓ + ∑
j

rK
j K j +

�
∑
ℓ,j

πa,ℓ,jτ
h
a,ℓ,jrℓha,ℓ,jdG(a) + Θ f .

The planner may also choose N f subject to the foreigners’ participation constraint (6). If U f > u∗
f , this allocation

is only implementable if the planner forces a quantity restriction since more foreigners would be willing to enter

the city. We say that the equilibrium features no quota restrictions if the participation constraint is satisfied with

equality.

Proposition 2. If an allocation satisfies the constraints of the Mirrleesian program, then it can be decentralized as a compet-

itive equilibrium with the appropriate choices of τh
a,ℓ,j, τh

f , Ta,ℓ,j, T f and N f .

The proof follows directly from the observation that, by construction, the allocations satisfy the market clearing

conditions and are consistent with the locals’ location decisions. Under this tax system, the consumption and

housing decisions, cℓ,j and hℓ,j, are privately optimal for locals living in location ℓ, j, and the consumption and

housing choices, c f and h f , are privately optimal for the foreigners that move to the city.

5.2 Optimal policy towards foreigners

We solve the Mirrleesian program in two steps. First, we take the number of foreigners N f as given and solve

for the remaining quantities. Then, we characterize the necessary conditions for the optimal number of foreign

residents N f .

Optimal policy for a fixed number of foreign residents Proposition 3 summarizes the optimal tax treatment of

foreign residents in the Mirrleesian optimum, holding the number of foreign residents fixed.

Proposition 3. Suppose that the number of foreign residents is fixed. In the decentralization of the optimal allocation, the

following conditions hold:

1. Foreigners’ house purchases are not subject to taxes, τh
f = 0.

2. There is an optimal entry fee on foreigners, T f , which sets their utility equal to their outside option,

u∗
f = u f + u(y f − rch f − T f , h f ),
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where h f is the optimal housing choice for foreigners. So, in the optimum, there are no quota restrictions on the entry

of foreigners.

The planner’s optimal strategy is to ensure that the marginal rates of substitution between housing and con-

sumption are equal for all locals and foreigners living in the same area. This condition implies that foreigners and

locals in the city center pay the same house prices, rc, so the optimal tax on foreign home purchases is zero. This re-

sult follows from standard public finance principles: it is more efficient to implement a discriminatory lump-sum

tax than to distort the allocation of goods through taxation.

Second, it is optimal to impose a lump-sum entry fee on foreigners that equates their utility to their outside

option, making them indifferent about moving. The welfare function only includes the utility of the local popula-

tion, so it is optimal to tax the gains foreigners derive from moving to the city center and redistribute them to the

locals.

At the optimum, foreigners’ utility always equals their outside option, making them indifferent about moving.

This result implies that implementing the optimal policy is consistent with the free mobility of foreigners into the

country. Consequently, it is not optimal to impose binding quotas on the number of foreigners who can enter

the home country. The intuition for this result is that it is always better to control the inflow of foreign residents

through an entry fee rather than a quota system. The entry fee generates additional tax revenue that can be

redistributed toward locals.

Relation to the optimal tariff literature We can interpret the sales of houses to foreigners as exports paid for

in units of the tradable consumption good. The home country is a monopolist on the sale of houses to foreigners,

yet our model implies that the optimal trade tariff is zero. At first glance, this conclusion contradicts the classical

result that it is optimal to use a trade tariff to manipulate terms of trade.

This apparent contradiction arises because, unlike the standard trade literature, we impose no exogenous re-

strictions on the policy instruments available to the home country. In particular, in our model, the government can

impose a lump-sum tax on foreigners, a policy tool typically excluded from traditional trade models.

In Appendix F, we employ a standard international trade model to examine how our findings relate to the trade

literature. We show that the optimal policy is to set tariffs to zero and levy a lump-sum tax on foreigners, which

can be interpreted as a right-to-trade fee. This fee captures the gains foreigners derive from trade. Additionally,
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we show that when a lump-sum tax is not feasible, it is optimal to impose a tariff.

This setup is analogous to a monopolist who uses a two-part tariff: it sets the price equal to the marginal cost

and charges a fixed fee that extracts all the consumer surplus. Similarly, in our model, it is optimal to refrain from

taxing foreigners’ house purchases and instead impose a lump-sum tax on foreigners.

The optimal number of foreign residents We now discuss the policies that optimize the number of foreign

residents. Let W∗(N f ) denote the welfare associated with the optimal number of foreign residents, N f . Using an

envelope argument, we find that the marginal effect of an additional foreigner on welfare is given by:

dW∗(N f )

dN f
/µC = y f − c f − rch f = T f ,

where µC denotes the planner’s shadow value for consumption resources. The marginal effect of an additional

foreigner on welfare is equal to the marginal value of selling h f houses and buying y f − c f additional consumption

goods.

The difference between the value of additional consumption goods and the value of houses sold equals the en-

try fee T f . If the fee is positive, T f > 0, then letting in an additional foreigner strictly increases welfare. Conversely,

if the fee is negative, T f < 0, allowing in an additional foreigner strictly decreases welfare. Intuitively, if the value

of the consumption goods brought in by the marginal foreigner exceeds the value of the houses they purchase, it

is optimal to let an additional foreigner enter the home country.

Following this logic, the planner allows additional foreigners to enter the economy until the entry fee, which

sets their utility equal to the outside option, is zero:

dW∗(N f )

dN f
= 0 ⇔ T f = 0.

This surprising result implies that the optimal treatment of foreigners is a laissez-faire policy. From the previous

section, we know that it is optimal not to tax foreign house purchases, and there are no quotas limiting the entry

of foreign residents. Here, we also show that the optimal number of foreigners is obtained when the entry fee is

zero. In other words, foreign entry should be free and undistorted. These results are summarized in the following

proposition.

Proposition 4. In the decentralization of the optimal allocation, the policy towards foreign residents is laissez-faire:
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1. Taxes on foreigner’s house purchases are zero, τh
f = 0.

2. Entry fees are zero, T f = 0.

3. There are no quotas/restrictions on foreign entry.

One important aspect of these optimal policies is that they do not depend on specific assumptions regarding

the utility function or the distribution of location preferences.

International-trade interpretation From an international-trade perspective, this result states that the optimal

number of trading partners (foreigners) is such that the gains from trade of the marginal partner are zero. This

policy maximizes the gains from trade in the home country and, therefore, maximizes welfare. In appendix F, we

further elaborate on the relation between our results and those obtained in a standard trade model.

Public-finance interpretation From a public finance perspective, these results can be interpreted as the optimal-

ity of production efficiency (Diamond and Mirrlees, 1971). At an abstract level, foreigners can be interpreted as a

technology that converts houses into consumption goods. In the previous section, we assumed that N f was fixed

so the entry fee did not distort the number of entering foreigners. When the number of foreigners is endogenous,

it is not optimal to distort their inflow, so the optimal entry fee is zero.

Surprisingly, production efficiency remains optimal even in the presence of externalities. This result arises

because the externalities do not directly involve the number of foreign residents but only the labor supply of locals

in each location. The Mirrleesian planner has enough instruments to get locals to internalize these agglomeration

effects. As shown in the previous section, these instruments take the form of higher transfers for individuals

with location decisions where they obtain above-average labor income and lower transfers for individuals with

location decisions where they obtain below-average labor income. Production efficiency is no longer optimal when

foreigners contribute directly to the externalities. In Section 6, we expand our analysis to examine a broader range

of potential impacts from foreign residents and discuss how our baseline results are affected.

5.3 Optimal place-based transfers for locals

The following proposition provides sufficient statistics to calculate the optimal place-based tax/transfer policies

required to implement the optimal solution.
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Proposition 5. In the decentralization of the optimal allocation, house taxes are zero for all locals, τh
a,ℓ,j = 0. Transfers to

locals have three components:

Ta,ℓ,j = Ξa + ΞPE
a,ℓ,j + ΞR

a,ℓ,j, (17)

where

1. the common term is Ξa is a common transfer to all individuals with asset holdings a which satisfies

�
ΞadG(a) = ∑

ℓ

rℓHℓ + ∑
j

rK
j K j︸ ︷︷ ︸

Rents on houses and offices

.

2. the production-externality correction term is

ΞPE
a,ℓ,j ≡ γ

{
Yj

Lj

(
1 − tℓ,j

)
− ∑

,ℓ,j
πa,ℓ,j

Yj

Lj
(1 − tℓ,j)

}

3. the redistribution-correction term

ΞR
a,ℓ,j ≡ µIC

a,ℓ,j − ∑
ℓ,j

πa,ℓ,jµ
IC
a,ℓ,j

is given by the difference of the Lagrange multiplier for each location choice (a, ℓ, j) on the incentive compatibility

constraint relative to its average conditional on a.

Proposition 5 shows that locals’ housing purchases are not taxed in the decentralization of the optimum. This

result follows from the well-known public finance principles that uniform commodity taxation is optimal, see

Atkinson and Stiglitz (1976).

The optimal transfers in this Mirrleesian setting can be decomposed into three terms: (1) a common transfer

to all individuals with asset holdings a, (2) a production-externality correction term, and (3) a redistribution-

correction term. We now discuss each term.

Common transfer The optimal transfers to natives consist of three components. The first component is a

common non-distortionary transfer provided to all individuals with asset holdings a. This common transfer, Ξa,

enables redistribution across groups with different asset holdings in a non-distortionary and unrestricted way. The

entry of foreign residents generates three effects: (1) a surplus from foreign residents, (2) a production externality,
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and (3) a redistribution effect from capital gains on houses and offices. The first effect is always positive, while the

second is corrected through the targeted transfers. The third effect can be positive or negative but averages to zero

across groups. Therefore, the welfare gains from foreign entry can always be redistributed using Ξa.

In the model, capital gains can be redistributed through lump-sum taxes and transfers. In practice, this re-

distribution can be implemented by taxing capital gains on housing and transferring the revenue to those with

below-average property holdings. In a static model like ours, this tax does not distort the decisions of individuals.

In a dynamic setting, capital gain taxes remain non-distortionary as long as investment expenses can be deducted

from the tax base (see Abel, 2007).

Production-externality correction term The second term represents the correction for production externali-

ties. When agglomeration externalities are present, individual location choices are suboptimal from a social stand-

point (see also Fajgelbaum et al., 2019, Rossi-Hansberg et al., 2019, and Fajgelbaum and Gaubert, 2020, 2024). The

Mirrleesian planner implements transfers to correct these externalities, encouraging individuals to move to loca-

tions where their labor productivity exceeds the average. The magnitude of this second term is proportional to γ,

the elasticity that controls the importance of the agglomeration effects.

Redistribution-correction term The third term reflects the correction associated with redistribution within

a group of asset level a. Due to its informational disadvantage, the planner can only address the agglomeration

externality by designing transfers that modify the distribution of consumption across locations. As a result, the

Mirrleesian planner faces an equity-efficiency trade-off: the transfers that correct the production externality induce

regional variation in consumption. Since people differ in their marginal valuation of consumption, this regional

variation in consumption affects social welfare. This effect incentivizes the planner to deviate from the transfers

that maximize efficiency.

To illustrate how this term relates to redistribution among locals, consider a scenario where the utility function

is quasi-linear, u(c, h) = c + v(h), and the welfare weights are equal, λa,ξ = 1. In this case, the redistribution term

becomes zero, as welfare is independent of how consumption is distributed among locals. The following corollary

highlights that, under these conditions, the optimal Mirrleesian plan focuses entirely on maximizing economic

efficiency, with no need for redistribution adjustments.
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Corollary 1. Assume that (i) preferences are quasi-linear, u(c, h) = c + v(h), and (ii) welfare weights are homogeneous,

λa,ξ = 1. Then, the optimal transfers to locals are given by (17), with ΞR
a = 0.

In other settings, determining the precise value of the redistribution term can be more complex. This term,

which depends on the shadow costs required to satisfy the incentive compatibility constraints, can be difficult to

interpret.

We now provide a sufficient condition so that the redistribution component can be expressed in terms of the

dispersion of marginal utilities of consumption. This condition requires restrictions on the migration elasticity,

which are standard in the spatial economics literature. Suppose that for each a, ξℓ,j is distributed according to a

type-I extreme value distribution with location parameter 0 and scale parameter η−1
a > 0 plus a constant δa,ℓ,j. In

this case, the share of individuals who choose to live in location ℓ and work in j is given by

πa,ℓ,j =
eηa(δa,ℓ,j+Ua,ℓ,j)

∑ℓ′ ,j′ eηa(δa,ℓ′ ,j′+Ua,ℓ′ ,j′ )
,

and the parameter ηa disciplines the migration elasticity. As ηa → 0 people become insensitive to utility differences

across locations, i.e., the migration elasticity is zero. Conversely, as ηa → ∞, πa,ℓ,j > 0 if and only if δa,ℓ,j + Ua,ℓ,j ∈

maxℓ′ ,j′ δa,ℓ′ ,j′ + Uℓ′ ,j′ , i.e., people’s location decisions are infinitely sensitive to utility differences.

Corollary 2. Suppose that, for each a, ξℓ,j is i.i.d. type-I extreme value distribution with parameters (0, η−1
a ) plus a constant

δa,ℓ,j. Then,

ΞR
a,ℓ,j = η−1

a

 λa,ℓ,j

λa

[
∑ℓ,j πa,ℓ,juc

(
ca,ℓ,j, ha,ℓ,j

)−1
]−1 − 1

uc

(
ca,ℓ,j, ha,ℓ,j

)
 . (18)

Corollary 2 connects the redistribution term to the dispersion in the marginal utility of consumption. We see

that people with location decisions (ℓ, j) receive positive transfers if the marginal valuation of resources is higher

than the (harmonic) average λa,ℓ,juc(ca,ℓ,j, ha,ℓ,j) > λa

[
∑a,ℓ,j πa,ℓ,juc

(
ca,ℓ,j, ha,ℓ,j

)−1
]−1

.

Recall that ΞR
a,ℓ,j measures the extent to which the planner deviates from the solution that maximizes efficiency.

Corollary 2 emphasizes that this deviation depends on ηa, the parameter that determines the elasticity of location

choices. As ηa → ∞, the redistribution term goes to zero. When the migration elasticity is high, using location

choices as a basis for redistribution is costly because it generates large demographic shifts. This is the benchmark

studied in Fajgelbaum and Gaubert (2020), where the optimal transfers coincide with the Pigouvian principle.
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Instead, when the migration elasticity is low, it is less costly to implement location-based redistribution because

the spatial distribution of the population is less responsive to transfers.15

6 Extensions of the baseline model

In this section, we extend the baseline model to include four issues frequently discussed in policy debates.

The first extension makes commuting time endogenous. In the baseline model, the time spent commuting

between two locations is constant. In practice, commuting time tends to increase with the number of commuters.

This extension introduces a commuting externality, which affects both the welfare costs associated with the entry of

foreign residents and the optimal transfers needed to correct externalities.

The second extension incorporates the possibility of remote work, allowing locals to work either onsite at an

office or remotely from home.16 Since the Covid-19 pandemic, remote work has become ubiquitous, contributing

to a significant increase in the number of foreign residents. Remote work allows individuals to work in the city

center without incurring commuting costs. For this reason, this extension alters the welfare impact of foreign

residents’ entry and influences the design of optimal transfers.

The third extension involves endogenizing the amenity value that foreigners place on living in the city center.

We assume that foreign residents derive utility from the authenticity of the city center, meaning they value the

presence of locals in the area. This authenticity reflects various non-market attributes, such as cultural heritage

and traditions. While this authenticity externality does not directly affect the welfare costs of the foreign influx, it

creates an additional incentive to encourage locals to reside in the city center.

The fourth extension regards the impact of foreign residents on the amenity value that locals experience by

living in the city center. This amenity externality can be positive, for example, if locals appreciate the increased

cultural diversity brought by foreigners. However, it can also be negative if the presence of foreigners makes the

center less attractive to locals. This extension can also capture congestion effects on public goods caused by the

influx of foreigners (see Guerreiro et al., 2020). As we discuss next, we can correct this externality by charging

foreigners an entry fee.

15This result echoes the findings in Gaubert et al. (2021), who emphasize the role of the migration elasticity in designing optimal redistribu-
tion policies.

16For a dynamic theory of remote work and city structure where agglomeration forces can lead to multiple equilibria, see Monte, Porcher,
and Rossi-Hansberg (2023).
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Lastly, we consider the case in which the elasticity of the supply of foreign residents is finite by allowing the

foreigners’ outside options to vary with the number of foreigners entering the city.

6.1 The competitive equilibrium

In this section, we describe the environment and the competitive equilibrium.

6.1.1 Local households

As in the baseline model, locals choose where to live, ℓ, and where to work, j. They can also choose their work

arrangement, e. This work arrangement can take two forms: o for office/onsite work or h for remote work from

home. A local who lives in ℓ and works in j with work arrangement e, has utility Ua,ℓ,j,e + ξℓ,j,e.

We assume that people’s choices about the location of their residence, workplace, and remote versus onsite

work are influenced by idiosyncratic taste preferences, ξℓ,j,e. Their common utility is given by

Ua,ℓ,j,e ≡ uℓ,j,e + u(ca,ℓ,j,e, ha,ℓ,j,e). (19)

Amenities externality To model the effect that the entry of foreigners may have on the amenity value that

locals derive from each location, we assume that the amenity value directly depends on N f : uℓ,j,e = ϕℓ,j,e

(
N f

)
. If

ϕ′
ℓ,j,e

(
N f

)
> 0, then the entry of foreign residents increases the attractiveness of location choices ℓ, j for employ-

ment status e. If ϕ′
ℓ,j,e

(
N f

)
< 0, then the entry of foreign residents reduces the attractiveness of location choices

ℓ, j for employment status e.

Budget constraint A local living in ℓ and working in j with work arrangement e and asset level a faces the

budget constraint:

ca,ℓ,j,e + rℓha,ℓ,j,e = wj,e

(
1 − tℓ,j,e

)
+ Ta, (20)

where the variables are analogous to the baseline model. The wage wj,e depends on both the work location and

the work arrangement. As in the baseline model, if a local lives and works in the same place, they do not spend

time commuting, tℓ,ℓ,e = 0 for all ℓ and e. Similarly, remote workers do not spend time commuting, so tℓ,j,h = 0 for

all ℓ and j.
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Congestion externalities In the baseline model, commuting time between two locations is exogenous. How-

ever, as we show in the empirical section, commuting times rise with the number of commuters due to traffic

congestion. We model this phenomenon by assuming that

tℓ,j,o ≡ tℓ,j,o[1 + δ(πℓ,j,o)], (21)

for ℓ ̸= j and where πℓ,j,o ≡
�

πa,ℓ,j,odG(a). Commuting time consists of a fixed component, tℓ,j,o, and a vari-

able part, tℓ,j,oδ(π), which increases with the number of commuters. We assume that the elasticity of additional

commuting time is constant ψ ≡ δ′(π)π
δ(π)

.

Goods and housing consumption and location choices Consider a household residing in location ℓ and

working in location j with work arrangement e. Their optimal consumption of goods and housing services satisfy

uh(ca,ℓ,j,e, ha,ℓ,j,e)

uc(ca,ℓ,j,e, ha,ℓ,j,e)
= rℓ. (22)

along with the budget constraint, (20) , which must hold with equality.

The optimal location and work arrangement choices maximizes Ua,ℓ,j,e + ξℓ,j,e. As in the baseline model, we

let πa,ℓ,j,e denote the share of locals that live in ℓ, work in j with employment arrangement e, conditional on an

asset level a. This share is given by πa,ℓ,j,e = P[Ua,ℓ,j,e + ξℓ,j,e ≥ Ua,ℓ′ ,j′ ,e′ + ξℓ′ ,j′ ,e′ , ∀(ℓ′, j′, e′)|a]. As in the baseline

model, the overall share with choices (ℓ, j, e) is given by πℓ,j,e ≡
�

πa,ℓ,j,edG(a).

6.1.2 Foreign residents

The foreign residents face the same problem as in the baseline model. They choose consumption and housing to

maximize utility U f ≡ u f + u(c f , h f ), subject to the budget constraint c f + rch f = y f . Foreigners are willing to

relocate if the utility gained from moving exceeds their outside option, U f ≥ u∗
f .

Authenticity externalities We assume that foreign residents derive utility from the “authenticity” of the city

center, which is fostered by a greater presence of locals living and working there. We model this effect by making

the amenity value that foreigners experience depend on the number of locals residing and working in the city

center, u f = ϕ f (π), where π = {πℓ,j,e}ℓ,j,e represents the distribution of locals across different locations and work

arrangements.
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Finite elasticity of supply of foreign residents We extend the baseline model by allowing the foreigners’

outside option to vary with the number of foreigners entering the city. We assume that the outside option is

given by u∗
f = ϕ∗

f (N f ). This formulation reflects the idea that the influx of foreigners into the city may reduce

the number of foreigners entering other cities worldwide, thereby increasing the relative attractiveness of those

cities by reducing house prices or improving the value of amenities abroad. This effect is only significant if the

domestic city is ”large,” meaning that the number of incoming foreigners has general equilibrium effects across

other regions.

We assume that χ =
d log u∗

f
d log N f

≥ 0 measures the elasticity of the outside option with respect to the number of

foreigners entering the city. If χ = 0, the baseline model assumption of a “small” economy holds, implying that

N f does not affect the attractiveness of other locations. If χ > 0, the outside option improves as more foreigners

arrive, making additional entrants less inclined to join.

6.1.3 Firms’ problem

The production function of the representative firm in location j is given by

Yj = Aj
(

Lj,o
) (

lα
j,ok1−α

j + ζlj,h

)
,

where lj,o and lj,h denote the number of people working for the firm in the office and at home, respectively. The

agglomeration or production externality, Aj
(

Lj,o
)
, depends on the total number of people who work in offices

in location j, Lj,o. This externality increases the productivity of all workers. The parameter ζ determines the

productivity of remote workers. The production function of the baseline model corresponds to the case of ζ = 0.

As in the baseline model, we assume that Aj
(

Lj,o
)
= AjL

γ
j,o, where γ controls the strength of the production

externality and Aj denotes a location specific productivity parameter.

A firm located in j maximizes its profits, equal to the value of its production minus the costs of hiring workers.

The firm incurs the cost of hiring onsite workers, wj,olj,o, where wj,o is the wage for onsite workers, and costs for

hiring remote workers, wj,hlj,h, where wj,h represents the wage for remote workers. The firm also faces costs for

renting office space, rK
j k j, with rK

j representing the rental rate for office buildings in location j. The optimality

31



conditions for the firm’s problem are:

wj,h = Aj
(

Lj,o
)

ζ, (23)

wj,o = αAj
(

Lj,o
)

lα−1
j,o k1−α

j , (24)

rK
j = (1 − α)Aj

(
Lj,o
)

lα
j,ok−α

j . (25)

Market clearing and equilibrium There are two labor market clearing conditions. The first pertains to onsite

workers in location j, lj,o = Lj,o = ∑ℓ πℓ,j,o(1 − tℓ,j,o). The second relates to remote workers employed by firms in

location j, lj,h = Lj,h = ∑ℓ πℓ,j,h. The market clearing condition for office buildings in location j is given by k j = K j.

The goods market clearing condition is
�

∑ℓ,j,e πa,ℓ,j,eca,ℓ,j,e dG(a) + N f c f = ∑j Aj(Lj,o)(Lα
j,oK1−α

j + ζLj,h) +

N f y f , where N f denotes the number of foreign residents and y f their income. Lastly, the housing market clearing

conditions are
�

∑j,e πa,c,j,eha,c,j,e dG(a) + N f h f = Hc, for the city center and
�

∑j,e πa,p,j,eha,p,j,e dG(a) = Hp, for

the peripheries. The variables Hc and Hp represent the total available housing in the city center and periphery p,

respectively.

It is useful to define Πoffice ≡ ∑ℓ,j πℓ,j,o, the share of workers who are office-based, and Πremote = 1 − Πoffice

the share of workers who work remotely.

6.2 The welfare impact of increasing the number of foreigners

We now study the effect of an increase in the number of foreign residents, dN f > 0, on the welfare of the local

population. The change in social welfare, defined by (12), is given by

dW =

�
∑
ℓ,j,e

πa,ℓ,j,eλa,ℓ,j,e

[
duℓ,j + uc

(
ca,ℓ,j,e, ha,ℓ,j,e

) {
dwj,e

(
1 − tℓ,j,e

)

− wj,edtℓ,j,e − drℓ × ha,ℓ,j,e + dTa

}]
dG(a).

As in the baseline model, we decompose the overall change in welfare measured in consumption-equivalent
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units into efficiency and redistribution components,

dWCE =

�
∑
ℓ,j,e

πa,ℓ,j,e

[
ϕ̃′

a,ℓ,j,e(N f ) + dwj,e

(
1 − tℓ,j,e

)
− wj,edtℓ,j,e − drℓ × ha,ℓ,j,e + dTa

]
dG(a)︸ ︷︷ ︸

dWEfficiency
CE

+ COVΠ
(

ωa,ℓ,j,e, ϕ̃′
ℓ,j,e(N f ) + dwj,e

(
1 − tℓ,j,e

)
− wj,edtℓ,j,e − drℓ × ha,ℓ,j,e + dTa

)
︸ ︷︷ ︸

dWR
CE

,

where ϕ̃′
a,ℓ,j,e(N f ) ≡

ϕ′
ℓ,j,e(N f )

uc(ca,ℓ,j,e ,ha,ℓ,j,e)
denotes the consumption-equivalent ammenity effect.

Proposition 6. The efficiency welfare gains can be decomposed into six terms:

dWEfficiency
CE = FS + PE − CE − PCE +AE +RW ,

where each term is constructed as follows.

1. The foreign-residents surplus, FS , is

FS = drc × N f h f .

2. The production-externality effect, PE , is

PE ≡ γ × Πoffice × COVΠo

(
Yj

Lj,o

(
1 − tℓ,j,o

)
,

dπℓ,j,o

πℓ,j,o

)
.

3. The congestion-externality effect, CE , is

CE ≡ ψ × Πoffice × COVΠo

(
wj,o(tℓ,j,o − tℓ,j,o),

dπℓ,j,o

πℓ,j,o

)
.

4. The production-congestion-externalities complementarity effect, PCE is

PCE ≡ γψ × Πoffice × COVΠo

(
Yj

Lj,o
(tℓ,j,o − tℓ,j,o),

dπℓ,j,o

πℓ,j,o

)
.

5. The amenities-externality effect, AE , is

AE ≡ EΠ
[
ϕ̃′
(

N f

)]
≡

�
∑
ℓ,j,e

πa,ℓ,j,eϕ̃′
a,ℓ,j,e

(
N f

)
dG(a).
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6. The remote-work effect, RW , is

RW ≡
(

γ ∑
j

Yj − ψ ∑
ℓ,j

πℓ,j,owj,o(tℓ,j,o − tℓ,j,o)− γψ ∑
ℓ,j

πℓ,j,o
Yj

Lj,o
(tℓ,j,o − tℓ,j,o)

)
× dΠoffice

Πoffice .

Generically, the covariance terms in these formulas can be written as follows. For any two variables x and y,

the covariance is given by:

COVΠo (xℓ,j,o, yℓ,j,o) = ∑
ℓ,j

πℓ,j,o

Πoffice xℓ,j,oyℓ,j,o −
(

∑
ℓ,j

πℓ,j,o

Πoffice xℓ,j,o

)(
∑
ℓ,j

πℓ,j,o

Πoffice yℓ,j,o

)
.

This operator computes the covariance of two variables x and y in the cross-section of locals, conditional on work-

ing from the office.

These extensions introduce additional channels through which an influx of foreign residents influences wel-

fare. Interestingly, despite the increased complexity, the welfare impacts can still be broken down into easily

interpretable components. Below, we outline these components and provide the intuition for their structure.

Foreign-residents surplus The foreign-resident surplus takes the same form as in the baseline model. An

increase in foreign residents drives up the demand for housing, which leads to higher rents. As a result, local

property owners benefit from increased rental income.

Production externalities The production- or agglomeration-externality effects are also similar to those in the

baseline model. Labor is better allocated to places with higher average labor productivity because the contribution

to the agglomeration externality becomes more significant. Suppose an influx of foreign residents displaces locals

from high-productivity areas. In that case, three outcomes are possible: (1) locals may continue working in these

high-productivity areas but incur commuting costs, or (2) they may relocate to lower-productivity areas and work

locally. Both scenarios lead to a decline in the productivity gains associated with the agglomeration externality,

resulting in a negative cross-sectional covariance and a corresponding welfare loss.

The scale of this welfare loss is influenced by the strength of the agglomeration externality, captured by γ.

When γ = 0, there is no production externality, so labor reallocation does not affect welfare. Conversely, a high

value of γ amplifies the production-externality effect. Since only office workers contribute to the agglomeration

externality, the magnitude of this effect is further scaled by Πoffice, the share of workers employed in offices.
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Congestion externalities The congestion externality arises because commuting times are endogenous. As the

number of foreign residents rises, locals change their living- and work-location decisions. If workers move to the

peripheries but continue to work in the city center, the number of commuters increases. Because of congestion,

commuting time also increases, reducing labor income. The covariance term captures the welfare losses associated

with the change in commuting time. The term wj,o(tℓ,j,o − tℓ,j,o) captures the labor income loss from commuting

congestion. If the number of commuters increases for routes with high-income losses from commuting, the covari-

ance term will be positive, leading to a welfare loss. Intuitively, if the rise in foreign residents leads to an increase

in people living in the peripheries but working in a highly productive city center, then the rise in commuting times

will lead to income losses proportional to the income value of that commuting time.

The magnitude of the welfare loss is influenced by the strength of the congestion externality represented by

ψ. If ψ = 0, commuting times are exogenous, so there is no congestion externality effect. If ψ is high, commuting

times are highly sensitive to the number of commuters, amplifying the effect. Since only office workers commute,

the effect is multiplied by Πoffice, the proportion of workers who commute to offices.

Complementarity between production and congestion externalities The production externality depends

on the total number of hours worked in the city center. As commuting times increase, the overall labor supply

decreases, which, in turn, reduces the associated production externalities. So, there is a complementarity between

the congestion and the production externalities, which is influenced by the product γψ.

Amenities externalities As described above, the influx of foreign residents affects the value of the amenities

that locals enjoy in the city center. Unlike the other externalities, this amenities effect is a direct impact of dN f

on the utility of the local population. The average of the amenities determines the strength of this effect effect

ϕ̃′
a,ℓ,j,e(N f ) . If this average is positive, then the influx of foreign residents increases the attractiveness of the city

center and so improves the welfare of the locals. If this average is negative, then the influx of foreign residents

decreases the attractiveness of the city center and so harms the welfare of the locals.

Remote work The influx of foreign residents encourages locals to move to the peripheries and work remotely

for firms in the city center. Because working arrangements are optimized, the increase in remote work does not

affect welfare directly. However, it interacts both with the production externality and the congestion externality.
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Since remote workers do not contribute towards the production externality, welfare falls because labor productiv-

ity declines. This effect is controlled by γ. Since remote workers do not commute, there are two additional positive

effects. The first is the decrease in commuting times, which improves labor income for those who do not work re-

motely. This effect is controlled by ψ. The second is analogous to the production-congestion complementarity:

a decrease in commuting times increases the labor supplied by non-remote workers and increases productivity

through the agglomeration externality.

Redistribution In general equilibrium, the entry of foreign residents affects the value of amenities, wages,

commuting times, and house rents throughout the city. The effects on welfare resulting from the spatial redistri-

bution of resources is captured by dWR
CE. Importantly, this is the only term influenced by the choice of welfare

weights λa,ξ . The interpretation of this term is the same as in the baseline model.

6.3 Mirrleesian optimal policy

In this section, we analyze the Mirrleesian optimal policy. As in the baseline model, we introduce no ex-ante restric-

tions on the set of instruments but work directly from the informational constraints. The planner can distinguish

between locals and foreigners and observe people’s decisions and their assets endowments. Therefore, allocations

and the policy instruments used to implement them can only be conditioned on these observable factors.

As in the baseline model, to compute the optimum, we can summarize the incentive constraints using the

implied shares of the local population that make each choice (14).

We first discuss the optimal policy towards foreigners and then the optimal treatment of the local population.

As in the baseline model, we present the optimal policy results in terms of the instruments that decentralize that

optimal allocation. The set of instruments include taxes on house purchases for locals, τh
a,ℓ,j,e, and foreigners,

τh
f , lump-sum transfers on locals, Ta,ℓ,j,e, and foreigners, T f , and potential quotas on foreign entry. Note that, in

the extended model, the tax instruments for locals depend not only on location choices, but also on their work-

arrangement choice and are constructed in an analogous way.

6.3.1 Optimal policy towards foreigners

The following proposition summarizes the optimal treatment of foreigners in this model. As in the baseline model,

when the number of foreign residents is fixed, there exists an optimal positive entry fee that equates their utility
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to their outside option. This result implies that implementing the Mirrleesian optimal plan does not require quota

restrictions on foreign entry.

In Proposition 7 we extend the analysis to include the optimal choice of the number of foreign residents. This

proposition generalizes the results of Proposition 4.

Proposition 7. In the decentralization of the optimal allocation:

1. There are no quotas/restrictions on foreign entry.

2. Taxes on foreigners’ house purchases are zero, τh
f = 0.

3. There is an optimal entry fee on foreigners which satisfies

T f = −EΠ
[
ϕ̃′
(

N f

)]
+ χũ∗

f ,

where ũ∗
f ≡ u∗

f /uc(c f , h f ).

Despite the presence of additional externalities, the conclusions from Proposition 4 remain largely valid. First, it

is never optimal to impose quotas on the entry of foreign residents because managing the flow of foreign residents

through taxes is more efficient than using quantity restrictions. Second, it is also never optimal to tax foreign home

purchases, distorting their housing choices.

The key difference with respect to Proposition 4 is that, in the extended model, the optimal entry fee is no

longer zero.

First, the entry fee is designed to ensure that foreign residents internalize their impact on the amenity valuations

of locals. The intuition for this result is as follows. In the extended model, foreigners impose a direct externality

on the welfare of natives. Therefore, it is optimal for the planner to distort the entry margin using an entry fee. If

the EΠ
[
ϕ̃′
(

N f

)]
> 0, foreigners improve the amenity value of the city center, so the entry fee is lower, perhaps

even negative, to encourage their entry. If EΠ
[
ϕ̃′
(

N f

)]
< 0, foreigners deteriorate the amenity value of the city

center, so the entry fee is higher to discourage their entry.

Second, the entry fee also depends on χ, which controls the elasticity of the foreign residents’ outside option

with respect to N f . In the baseline model, χ is zero. When χ is positive, the optimal entry fee is larger than when

χ = 0. It is optimal to bring fewer foreigners to moderate the increase in the reservation utility of the marginal
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foreigner. Importantly, this effect depends on whether the city is large with respect to the rest of the world. A large

city can have a significant impact on the value of foreigners’ outside option, so the planner charges a larger fee to

keep this option low.

6.3.2 Optimal place-based transfers for locals

As in the baseline model, we define τh
a,ℓ,j,e as the house tax on people who live in ℓ, work in j, have employment

status e with asset holdings a. The transfer to these individuals is

Ta,ℓ,j,e ≡ ca,ℓ,j,e + (1 + τh
a,ℓ,j,e)rℓha,ℓ,j,e − wj,e(1 − tℓ,j,e). (26)

We compute wages of remote and office workers and rents on offices using equations (23) and (24) and (25), re-

spectively, replacing lj,e with Lj,e and k j with K j. The following proposition provides sufficient statistics to calculate

the tax/transfer policies required to implement the optimal solution.

Proposition 8. In the decentralization of optimal allocation, house purchases by locals are not taxed, τh
a,ℓ,j,e = 0. The total

transfers implemented by the planner are the sum of six terms

Ta,ℓ,j,e = Ξa + ΞPE
a,ℓ,j,e + ΞCE

a,ℓ,j,e + ΞPCE
a,ℓ,j,e + ΞAE

a,ℓ,j,e + ΞR
a,ℓ,j,e, (27)

where

1. the common transfer Ξa is such that
�

ΞadG(a) = ∑
j

rK
j K j + ∑

ℓ

rℓHℓ + N f T f ,

2. the production-externality correction term is

ΞPE
a,ℓ,j,o ≡ γ

{
Yj

Lj,o

(
1 − tℓ,j,o

)
− ∑

ℓ,j
πa,ℓ,j,o

Yj

Lj,o

(
1 − tℓ,j,o

)}
,

ΞPE
a,ℓ,j,h ≡ −γ ∑

ℓ,j
πa,ℓ,j,o

Yj

Lj,o

(
1 − tℓ,j,o

)
,

3. the congestion-externality correction term is

ΞCE
a,ℓ,j,o ≡ −ψ

{
wj,o(tℓ,j,o − tℓ,j,o)− ∑

ℓ,j
πa,ℓ,j,owj,o(tℓ,j,o − tℓ,j,o)

}
,

ΞCE
a,ℓ,j,h ≡ ψ ∑

ℓ,j
πa,ℓ,j,owj,o(tℓ,j,o − tℓ,j,o),
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4. the production-congestion-externalities-complementarity correction term is

ΞPCE
a,ℓ,j,o ≡ −ψγ

{
Yj

Lj,o

(
tℓ,j,o − tℓ,j,o

)
− ∑

ℓ,j
πa,ℓ,j,o

Yj

Lj,o

(
tℓ,j,o − tℓ,j,o

)}
,

ΞPCE
a,ℓ,j,h ≡ ψγ ∑

ℓ,j
πa,ℓ,j,o

Yj

Lj,o

(
tℓ,j,o − tℓ,j,o

)

5. the authenticity-externality correction term is

ΞAE
a,ℓ,j,e ≡ N f

{
dϕ̃ f (π)

dπa,ℓ,j,e
− ∑

ℓ,j,e
πa,ℓ,j,e

dϕ̃ f (π)

dπa,ℓ,j,e

}
,

where dϕ̃′(π)
dπa,ℓ,j,e

= dϕ′(π)
dπa,ℓ,j,e

/uc(c f , h f ),

6. the redistribution-correction term is

ΞR
a,ℓ,j,e ≡ µIC

a,ℓ,j,e − ∑
ℓ,j,e

πa,ℓ,j,eµIC
a,ℓ,j,e

is given by the difference of the Lagrange multiplier on the incentive compatibility constraint relative to its average.

Not surprisingly, the additional features of this extended model increase the number of possible externalities.

Still, we can continue to decompose the optimal transfers into several interpretable terms. We now describe each

in turn.

Common transfer As in the baseline model, the planner redistributes the income generated from office and

residential rents and taxes levied on foreigners among the local population.

Production-externality correction term As in the baseline model, the planner corrects the production exter-

nality by giving higher transfers than average to office workers in locations where average labor productivity

is higher than the cross-sectional mean of average labor productivity. Since remote workers do not contribute

towards the production externality, the planner reduces the transfer to remote workers to finance the positive

transfers to office workers. The magnitude of this transfer is determined by the elasticity of productivity to total

office labor supply, γ.
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Congestion-externality correction term The congestion-externality correction term captures the transfers

necessary for locals to internalize their impact on commuting costs. Intuitively, commuters receive a lower transfer

than non-commuters (workers who live and work in the same place or remote workers). The magnitude of this

transfer is determined by the elasticity of commuting costs with respect to the number of commuters ψ.

Production-congestion-externalities-complementarity correction term As discussed in the previous section,

the production and congestion externalities are complementary. All else being equal, a decrease in commuting

costs decreases labor supply, which in turn reduces average productivity. The term ΞPCE
a,ℓ,j,e affects the transfers so

that commuters also internalize their effects on total factor productivity.

Authenticity-externality correction term The presence of locals in the city center, either working or living,

increases the amenity value for foreigners. The planner corrects this externality by giving higher transfers to

location and work choices that lead to a higher-than-average effect on the amenity value of foreigners.

Redistribution To correct the location and work location choices of locals, the planner must design transfers

that alter the cross-sectional distribution of consumption. Because of concavity in utility and potential heterogene-

ity in welfare weights. λa,ξ , the planner has different marginal valuations for the consumption of different people.

As a result, the optimal Mirrleesian plan deviates from the Pigouvian-corrective transfers to enhance redistribu-

tion across the population. The results for the baseline model regarding settings with quasi-linear preferences

(Corollary 1) or extreme value ξ (Corollary 2) also hold in this extended model.

7 The long run: the future of global cities

In this section, we address two long-run questions. First, how does the influx of foreign residents affect the optimal

city structure? Where should we locate offices and houses? Second, does implementing the optimal city design

require zoning regulation?

Regarding the first question, we find that offices in the city center should be converted into houses to accom-

modate the increased demand for housing in the city center. Regarding the second question, we show that the

decentralization of the Mirrleesian plan discussed in the previous sections already delivers the correct incentives,
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so no further zoning regulation or fiscal incentives are needed to achieve the optimal city structure.

Changing the city structure To study the optimal changes in city structure, we consider marginal shifts around

the Mirrleesian optimum in the endowments of houses and office buildings at each location. First, consider the

effects of converting some office buildings into houses in the city center, represented as Hc = Hc + εc and Kc =

Kc − εc. In the appendix, we show that the welfare effect of this marginal change equals the difference in rental

rates between houses and offices
dW∗

dεc
/µC = rc − rK

c , (28)

where µC captures the shadow value of resources.

Suppose that before the influx of foreign residents, the rental rates on houses and offices were equalized. The

influx of foreign residents boosts the demand for city-center housing, raising the local rental rate for housing. As

labor shifts to the peripheries, the marginal productivity of capital in the city center declines, reducing the local

rental rate for office buildings. As a result, rc − rK
c becomes positive, signaling a welfare gain from converting

office buildings into housing in the city center.

Consider now the effect on social welfare of converting houses into offices in the peripheries:

dW∗

dεp
/µC = rp − rK

p . (29)

There are two opposing forces in the peripheries. On the one hand, some locals move to the peripheries, raising

housing demand and house prices. On the other hand, the increased labor supply in the peripheries boosts the

local productivity of capital, driving up rental rates for office buildings. So, the welfare gain from converting

offices into houses can be positive or negative.

Optimal zoning regulation Does converting the city structure require public policy to encourage building own-

ers to repurpose their spaces for the most socially beneficial use?

The optimal conversion of offices into houses (or vice-versa) satisfies the condition

dW∗

dεℓ
= 0 ⇔ rℓ = rK

ℓ . (30)

The optimal number of houses and offices is such that the marginal valuation of houses coincides with the marginal
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productivity of using the building for production purposes, i.e., at the optimum, the rents on houses and offices

are equalized.

This result implies that zoning regulation is unnecessary. In the implemented equilibrium, building owners are

incentivized to allocate their property in a way that maximizes social welfare. They allocate all their endowment

towards a residential use if rℓ > rK
ℓ , or allocate all their endowment towards a productive use if rℓ < rK

ℓ . So, an

equilibrium requires that buildings are allocated towards each use until the rents are equalized and owners are

indifferent between the allocation of the marginal building. No building regulation or any other market distortions

are desirable.

The intuition for this result follows from the principles we have discussed. The optimal instruments to handle

the externalities are the transfers described in the previous sections. Setting the optimal transfers eliminates the

need to further distort market forces. In other words, once the transfers are in place, the market delivers the

optimal mix of houses and office buildings in each region in the long run.

8 Conclusion

Many countries and urban areas are grappling with the challenge of devising policies to ensure that the local

population benefits from a potentially large influx of foreign residents and tourists.

We show that public policy can play a crucial role in addressing agglomeration, congestion, amenities, and

other externalities influenced by this influx. Achieving the optimal outcome requires designing taxes and transfers

for locals based on their residential and work-related choices. These transfers encourage workers to internalize

the external effects of their living and work decisions.

When foreign residents directly affect local amenities, their entry should be regulated by an entry fee, similar

to the per-diem taxes imposed by some cities. Likewise, if the city is large enough to influence rents in other global

cities by adjusting the number of foreign residents it admits, it may be optimal to impose an entry fee to keep the

foreigners’ outside options low.

Suppose the ownership of housing and office buildings is unequally distributed. In that case, it may be optimal

to implement taxes or transfers that redistribute the capital gains resulting from the arrival of foreign residents.

Looking toward the future, it is optimal in the long run to repurpose office spaces in the city center for residen-

tial use and relocate production facilities to the peripheries. This approach mirrors the urban design implemented
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in Paris. In the 19th century, Napoleon III gave Baron Haussmann broad powers to reshape Paris. The result was

the monumental city we know today, with wide boulevards, impressive squares, and views of the Eiffel Tower

that are not obstructed by towering skyscrapers. Office buildings, production facilities, and residential complexes,

where most of the local population lives, were eventually moved to La Defense and other peripheral areas. The

ability of Paris to accommodate foreign residents impressed Ernest Hemingway, who wrote, “There are only two

places in the world where we can live happy—at home and in Paris.”
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Online Appendix
A Data appendix

We use data from the 2011 and 2021 Portuguese census surveys to estimate population changes and their corre-

sponding commuting flows. For population changes, we use the indicator that reports the resident population

by gender, age group, nationality, and residency: “População residente por local de residência à data dos censos

[2021] [NUTS - 2013], sexo, grupo etário e nacionalidade.” For commuting flows, we use an indicator on work

commute flows for residents, classified according to their place of residence, sex, employment status, and the du-

ration of their commute to their place of work or study “População residente que vive no alojamento a maior parte

do ano por local de residência à data dos sensos [2021] (NUTS - 2013), sexo, condição perante o trabalho, escalão

de duração dos movimentos pendulares e local de trabalho ou estudo”. These indicators are available for both

census periods, allowing us to estimate demographic shifts and commuting flows.

We use the Statistics Portugal indicator “Dormidas nos estabelecimentos de alojamento turı́stico por localização

geográfica (NUTS - 2024) e Local de residência (Paı́s - lista reduzida); Anual - INE, Inquérito à permanência de

hóspedes na hotelaria e outros alojamentos” to estimate the number of tourist-equivalent residents in Portugal for

the years 2011 and 2022. This indicator provides the number of nights tourists spend in accommodation estab-

lishments and the tourists’ country of residence. These data are collected annually by Statistics Portugal (INE)

through a survey of guest stays in hotels and other accommodations. We do not use this indicator for 2021 because

of the impact of Covid-19 on tourism flows. To estimate the number of yearly-equivalent tourists for each period,

we divide the total number of tourist nights by 365×0.74, where 0.74 is the average hotel occupancy in Lisbon in

2023. This calculation gives us an average daily number of tourists, which represents the equivalent number of

residents if those tourists were to stay for an entire year. This method allows us to quantify the impact of tourism

on the resident population by providing a comparable measure of “tourist-equivalent” yearly residents.

Estimates of the housing stock are based on data from the Census de Alojamento on the number of family

home units (alojamentos familiares clássicos).

To estimate the commute times of individuals between the center and the peripheries of Lisbon, we used

the Google Maps API. We obtained geographic data for the Lisbon metropolitan area from the Open Street Map
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repository. These data provide coordinates and names of the various municipalities. We aggregated the geographic

data to obtain mean coordinates for each location municipality in the Lisbon metropolitan region. Finally, we used

the Google Maps API to define commute scenarios for peak (8 AM and 5 PM) and non-peak hours (3:00 AM)

across weekdays. We calculated the commute times for each pair of origin and destination coordinates, excluding

identical pairs, incorporating variations in traffic conditions. We used a reference Monday in July to standardize

departure times.

Housing stock estimates are based on the indicator ”Alojamentos familiares clássicos (Parque habitacional)

por Localização geográfica (NUTS - 2013); Anual”. The definition of family accommodation is a room or a set of

rooms, including any annexes, located within a permanent building or a structurally distinct part of one. These

accommodations must have an independent entrance that provides direct access to a street, garden, or a shared

passageway within the building, such as a staircase, corridor, or gallery, among others.

The API requests provide data on distance and duration for driving, both under normal and traffic conditions.

The data we collected includes details on the origin, destination coordinates, time slots, day of the week, distance,

and duration. Using the Google Maps API allows us to capture accurate real-world commute times, reflecting

temporal and spatial variations in traffic within Lisbon.

We used data from ArquivoPT, a web archive service that preserves content from Portuguese websites, to

estimate regional rent and residential real estate prices. Like the Wayback Machine, ArquivoPT enables users to

search and access historical snapshots of the web. The complete dataset contains housing prices in Portugal from

2001 to 2023. These prices are sourced from listings on websites of real estate agencies and aggregators operating

in the Portuguese market, including BPI Imobili’ario, Casa Sapo, Era, Remax, Idealista, Trovit, and Imovirtual.

The listing registry varies over time due to changes in the technology and online presence of these platforms.

For instance, the coverage and comprehensiveness of the listings can fluctuate based on changes in website design,

data retention policies, and technological advancements. Specifically, for 2011, we have consistent listings from

Idealista, while for 2016 and 2021, we have consistent listings from Era, Idealista, and Imovirtual.

Finally, the listings represent asking prices, not transaction prices. The data includes the sellers’ asking price,

which may differ from the final sale prices. We believe our measures are likely to underestimate price increases

because the housing market has become tighter over time. As a result, it is more likely that asking prices were

accepted toward the end of the sample period compared to the beginning.
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B Appendix to Section 4

B.1 Proof of Lemma 1

Agent’s common utility in ℓ, j for asset level a is given by:

Ua,ℓ,j = max
c,h

uℓ,j + u(c, h), s. to c + rℓh = wj(1 − tℓ,j) + Ta.

Since individuals can freely choose where to live and work, then for the equilibrium common utilities U ≡ {Ua,ℓ,j},

each individual’s utility is given by:

Ua,ξ = max
ℓa,ξ ,ja,ξ

[
Ua,ℓa,ξ ,ja,ξ

+ ξℓa,ξ ,ja,ξ

]
.

Social welfare can be written as:

W(U) =

�
λa,ξ max

ℓa,ξ ,ja,ξ

[
Ua,ℓa,ξ ,ja,ξ

+ ξℓa,ξ ,ja,ξ

]
fa(ξ)dξdG(a),

which can equivalently be written as

W(U) = max
{ℓa,ξ ,ja,ξ}a,ξ

�
λa,ξ

[
Ua,ℓa,ξ ,ja,ξ

+ ξℓa,ξ ,ja,ξ

]
fa(ξ)dξdG(a).

This result follows from the fact that, conditional on U, the problem becomes separable for each individual.

Using envelop theorems on each maximization problem, we find that the marginal effects are given by17

dUa,ℓ,j =uc(ca,ℓ,j, ha,ℓ,j)
[
dwj(1 − tℓ,j)− drℓha,ℓ,j + dTa

]
,

dW =

�
λa,ξdUℓa,ξ ,ja,ξ

fa(ξ)dG(a).

Now note that for each a we can define λa,ℓ,j =
�
(ℓa,ξ ,ja,ξ)=(ℓ,j) λa,ξ/πa,ℓ,j fa(ξ)dξ, and so

dW =

�
∑
ℓ,j

πa,ℓ,jλa,ℓ,jdUa,ℓ,jdG(a)

and finally replacing dUℓ,j we obtain

dW =

�
∑
ℓ,j

πa,ℓ,jλa,ℓ,juc(ca,ℓ,j, ha,ℓ,j)
[
dwj(1 − tℓ,j)− drℓha,ℓ,j + dTa

]
dG(a).

17Formally, the marginal effects we present hold almost everywhere, see Milgrom and Segal (2002). So, these marginal effects hold generi-
cally.
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B.2 Proof of Proposition 1

We seek to decompose:

dWEfficiency
CE =

�
∑
ℓ,j

πa,ℓ,j

{
dwj

(
1 − tℓ,j

)
− drℓha,ℓ,j + dTa

}
dG(a) (31)

First, note that

�
∑
ℓ

πa,ℓ,j(1 − tℓ,j)dG(a) = Lj,
�

∑
j

πa,c,jha,c,jdG(a) = Hc − N f h f ,

�
∑

j
πa,p,jha,p,jdG(a) = Hp,

�
∑
ℓ,j

πa,ℓ,jdTadG(a) = ∑
ℓ

drℓHℓ + ∑
j

drK
j K j.

Using these results, we can write

dWEfficiency
CE = ∑

j
dwjLj − ∑

ℓ

drℓHa,ℓ,j + drc × N f h f + ∑
ℓ

drℓHℓ + ∑
j

drK
j K j

= ∑
j

d log(wj)wjLj + ∑
j

d log(rK
j )r

K
j K j + drc × N f h f

Now using the fact that

wjLj = αYj, rK
j K j = (1 − α)Yj,

d log(wj) = (γ + α − 1)
dLj

Lj
, d log(rK

j ) = (γ + α)
dLj

Lj
,

we can further simplify the expression above as follows,

dWEfficiency
CE = γ ∑

j

Yj

Lj
dLj + drc × N f h f

and since dLj = ∑ℓ πℓ,j(1 − tℓ,j)
dπℓ,j
πℓ,j

, we can write

dWEfficiency
CE = γ ∑

ℓ,j
πℓ,j

Yj

Lj
(1 − tℓ,j)

dπℓ,j

πℓ,j
+ drc × N f h f .

Finally, by definition

COVΠ

(
Yj

Lj
(1 − tℓ,j),

dπℓ,j

πℓ,j

)
= ∑

ℓ,j
πℓ,j

Yj

Lj
(1 − tℓ,j)

dπℓ,j

πℓ,j
− ∑

ℓ,j
πℓ,j

Yj

Lj
(1 − tℓ,j)∑

ℓ,j
πℓ,j

dπℓ,j

πℓ,j︸ ︷︷ ︸
=0

.
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So, we can define

PE ≡ γ × COVΠ

(
Yj

Lj
(1 − tℓ,j),

dπℓ,j

πℓ,j

)
,

FS ≡ drc × N f h f .

C Appendix to Section 5

C.1 Second-best problem and incentive compatibility

Let ca,ξ , ha,ξ , ℓa,ξ and ja,ξ denote, respectively, the consumption, housing, living location, and working location of

each type. The utility net of location preferences ξ for this person is:

Ua,ξ ≡ uℓa,ξ ,ja,ξ
+ u(ca,ξ , ha,ξ)

The incentive compatibility constraints of the direct revelation mechanism can be written as

Ua,ξ + ξℓa,ξ ,ja,ξ
≥ Ua,ξ′ + ξℓa,ξ′ ,ja,ξ′

(32)

for all ξ, ξ′, and a.

It follows from (32) that if two people with the same a have the same location choices, then they must have the

same level of common utility, i.e., assuming (ℓa,ξ , ja,ξ) = (ℓa,ξ′ , ja,ξ′), then

Ua,ξ = Ua,ξ′ . (33)

Let Ua,ℓ,j denote the level of common utility attained by individuals with assets a and location choices ℓ, j.

Incentive compatibility can now be equivalently written as

{ℓa,ξ , ja,ξ} = arg max
ℓ,j

{Ua,ℓ,j + ξℓ,j}, (34)

and Ua,ξ = Ua,ℓa,ξ ,ja,ξ
.

It follows that, given U ≡ {Ua,ℓ,j}, incentive compatibility implies that the share of individuals with assets a

and location choices ℓ, j is given by

πℓ,j = P
[
Ua,ℓ,j + ξℓ,j ≥ Ua,ℓ′ ,j′ + ξℓ′ ,j′ ∀ℓ′, j′

]
, (35)
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and the social welfare function is

W(U) = max
ℓa,ξ ,ja,ξ

�
λa,ξ [Ua,ℓa,ξ ,ja,ξ

+ ξℓ,j] f (ξ)dξdG(a). (36)

These are the only restrictions on aggregate shares and social welfare implied by incentive compatibility. This

means that if the planner chooses common utility levels Ua,ℓ,j, location shares πa,ℓ,j, and welfare W which satisfy

(35) and (36), then we can always find individual location choices which are consistent with incentive compatibility.

C.2 The Mirrleesian program

The Mirrleesian program is

maxW(U) s. to (37)�
∑

j
πa,c,jha,c,jdG(a) + N f h f = Hc (38)

�
∑

j
πa,p,jha,p,jdG(a) = Hp (39)

Ua,ℓ,j = ua,ℓ,j + u
(

ca,ℓ,j, ha,ℓ,j

)
(40)

πa,ℓ,j = π̂a,ℓ,j(U) ≡ P
[
Ua,ℓ,j + ξℓ,j ≥ Ua,ℓ′ ,j′ + ξℓ′ ,j′ ∀ℓ′, j′|a

]
(41)�

∑
a,ℓ,j

πa,ℓ,jca,ℓ,jdG(a) + N f c f = ∑
j

A
(

Lj
)

K1−α
j Lα

j + N f y f (42)

u f + u
(

c f , h f

)
≥ u∗

f , (43)

where Lj ≡
�

∑ℓ πa,ℓ,j(1 − tℓ,j)dG(a).

We write the Lagrangean for optimization as

L ≡ W(U) + ∑
ℓ

µH
ℓ

(
Hℓ −

�
∑

j
πa,ℓ,jha,ℓ,jdG(a)

)
− µH

c N f h f

+

�
∑
ℓ,j

πa,ℓ,jµ
U
a,ℓ,j

[
ua,ℓ,j + u

(
ca,ℓ,j, ha,ℓ,j

)
−Ua,ℓ,j

]
dG(a) +

�
∑
ℓ,j

µCµIC
a,ℓ,j

[
πa,ℓ,j − π̂a,ℓ,j(U)

]

+ µC

[
∑

j
A
(

Lj
)

K1−α
j Lα

j + N f y f −
�

∑
a,ℓ,j

πa,ℓ,jca,ℓ,jdG(a)− N f c f

]

+ µ f
[
u f + u

(
c f , h f

)
− u∗

f

]
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C.3 Proof of Proposition 3

Taking first-order conditions with respect to ca,ℓ,j, ha,ℓ,j, c f , and h f , we obtain

[ca,ℓ,j] µU
a,ℓ,juc(ca,ℓ,j, ha,ℓ,j) = µC

[ha,ℓ,j] µU
a,ℓ,juh(ca,ℓ,j, ha,ℓ,j) = µH

ℓ

[c f ] µ f uc(c f , h f ) = N f µC

[c f ] µ f uh(c f , h f ) = N f µH
c

These imply that

uh(ca,ℓ,j, ha,ℓ,j)

uc(ca,ℓ,j, ha,ℓ,j)
=

µH
ℓ

µC , and
uh(c f , h f )

uc(c f , h f )
=

µH
c

µC .

So, the marginal rates of substitution for houses and consumption are equalized for all individuals who live in

location ℓ, including foreigners. This condition implies that τh
a,ℓ,j = 0 and τh

f = 0.

Finally, note that at the optimum, the foreigners participation constraint must bind

u f + u(c f , h f ) = u∗
f . (44)

since c f = y f − r f h f − Tf , then the entry fee satisfies

u f + u(y f − rch f − Tf , h f ) = u∗
f .

C.4 Proof of Proposition 5

The first-order conditions with respect to πa,ℓ,j are given by

µCµIC
a,ℓ,j − µH

ℓ ha,ℓ,j + µC

(
(γ + α)

Yj

Lj
(1 − tℓ,j)− ca,ℓ,j

)
= 0

⇔µIC
a,ℓ,j + γ

Yj

Lj
(1 − tℓ,j) = ca,ℓ,j + rℓha,ℓ,j − wj(1 − tℓ,j) ≡ Ta,ℓ,j.

Let Ξa ≡ ∑ℓ,j πℓ,jTa,ℓ,j, then we can write

Ta,ℓ,j = Ξa + γ

[
Yj

Lj
(1 − tℓ,j)− ∑

ℓ,j
πa,ℓ,j

Yj

Lj
(1 − tℓ,j)

]
+ µIC

a,ℓ,j − ∑
ℓ,j

πa,ℓ,jµ
IC
a,ℓ,j.
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Now define

ΞPE
a,ℓ,j ≡ γ

[
Yj

Lj
(1 − tℓ,j)− ∑

ℓ,j
πa,ℓ,j

Yj

Lj
(1 − tℓ,j)

]
ΞR

a,ℓ,j ≡ µIC
a,ℓ,j − ∑

ℓ,j
πa,ℓ,jµ

IC
a,ℓ,j.

By construction ∑ℓ,j πa,ℓ,jΞ
PE
a,ℓ,j = ∑ℓ,j πa,ℓ,jΞ

R
a,ℓ,j = 0. Finally,

�
ΞadG(a) =

�
∑
ℓ,j

πa,ℓ,jca,ℓ,jdG(a) +
�

∑
ℓ,j

πa,ℓ,jrℓha,ℓ,jdG(a)−
�

∑
ℓ,j

πa,ℓ,jwj(1 − tℓ,j)dG(a)

= ∑
j

Yj + N f (y f − c f ) + ∑
ℓ

rℓHℓ − N f rch f − ∑
j

αYj = ∑
ℓ

rℓHℓ + ∑
j
(1 − α)Yj,

where rK
j K j = (1 − α)Yj.

C.5 Proof of Corollary 1

With equal welfare weights, the first order condition with respect to Ua,ℓ,j becomes18

πa,ℓ,j − πa,ℓ,jµ
U
a,ℓ,j − ∑

ℓ′ ,j′
µCµIC

a,ℓ′ ,j′
dπ̂a,ℓ′ ,j′(U)

dUa,ℓ,j
= 0.

With quasi-linear utility, the first order condition with respect to ca,ℓ,j is

µU
a,ℓ,juc(ca,ℓ,j, ha,ℓ,j) = µC ⇔ µU

a,ℓ,j = µC.

Combining these two conditions, we obtain

πa,ℓ,j − πa,ℓ,jµ
C − ∑

ℓ′ ,j′
µCµIC

a,ℓ′ ,j′
dπ̂a,ℓ′ ,j′(U)

dUa,ℓ,j
= 0,

which summed across ℓ, j imply

1 − µC − ∑
ℓ′ ,j′

µCµIC
a,ℓ′ ,j′ ∑

ℓ,j

dπ̂a,ℓ′ ,j′(U)

dUa,ℓ,j
= 0,

and since ∑ℓ,j
dπ̂a,ℓ′ ,j′ (U)

dUa,ℓ,j
= 0, then µC = 1. Replacing µC in the first order condition with respect to Ua,ℓ,j, we obtain

∑
ℓ′ ,j′

µIC
a,ℓ′ ,j′

dπ̂a,ℓ′ ,j′(U)

dUa,ℓ,j
= 0.

18We assume that the marginal condition for W(U) with respect to each Ua,ℓ,j holds at the optimum.
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This equation must hold for all a, ℓ, j, which implies that it can only be satisfied if µIC
a,ℓ′ ,j′ = µIC

a is constant across

ℓ′, j′ since

∑
ℓ′ ,j′

dπ̂a,ℓ′ ,j′(U)

dUa,ℓ,j
=

d ∑ℓ′ ,j′ π̂a,ℓ′ ,j′(U)

dUa,ℓ,j
=

d(1)
dUa,ℓ,j

= 0.

C.6 Proof of Corollary 2

Under the conditions specified,

π̂ IC
a,ℓ,j(U) =

eηa(δa,ℓ,j+Ua,ℓ,j)

∑ℓ′ ,j′ eηa(δa,ℓ′ ,j′+Ua,ℓ′ ,j′ )
.

It follows that

dπ̂ IC
a,ℓ,j(U)

dUa,ℓ,j
= ηaπa,ℓ,j − ηaπa,ℓ,jπa,ℓ,j

dπ̂ IC
a,ℓ,j(U)

dUa,ℓ′ ,j′
= −ηaπa,ℓ,jπa,ℓ′ ,j′ .

The first order condition with respect to Ua,ℓ,j becomes

πa,ℓ,jλa,ℓ,j − πa,ℓ,jµ
U
a,ℓ,j − µCµIC

a,ℓ,jηaπa,ℓ,j + ∑
ℓ′ ,j′

µCµIC
a,ℓ′ ,j′ηaπa,ℓ′ ,j′πa,ℓ,j = 0

⇔
λa,ℓ,j

µC −
µU

a,ℓ,j

µC = ηa

µIC
a,ℓ,j − ∑

ℓ′ ,j′
µIC

a,ℓ′ ,j′πa,ℓ′ ,j′


Taking a πa,ℓ,j-weighted sum over ℓ, j we obtain

λa = ∑
ℓ,j

πa,ℓ,jµ
U
a,ℓ,j,

where λa ≡ ∑ℓ,j πa,ℓ,jλa,ℓ,j.

Using the first-order condition with respect to ca,ℓ,j we obtain

1
uc(ca,ℓ,j, ha,ℓ,j)

=
µU

a,ℓ,j

µC .

Again, taking a πa,ℓ,j-weighted sum over ℓ, j we obtain

∑
ℓ,j

πa,ℓ,j
1

uc(ca,ℓ,j, ha,ℓ,j)
=

∑ℓ,j πa,ℓ,jµ
U
a,ℓ,j

µC =
λa

µC ⇔ µC = λa

[
∑
ℓ,j

πa,ℓ,j

(
uc(ca,ℓ,j, ha,ℓ,j)

)−1
]−1

.
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Combining these expressions, we obtain

µIC
a,ℓ,j − ∑

ℓ′ ,j′
µIC

a,ℓ′ ,j′πa,ℓ′ ,j′ = η−1
a

(
λa,ℓ,j

µC −
µU

a,ℓ,j

µC

)

= η−1
a

 λa,ℓ,j

λa

[
∑ℓ,j πa,ℓ,j

(
uc(ca,ℓ,j, ha,ℓ,j)

)−1
]−1 − 1

uc(ca,ℓ,j, ha,ℓ,j)


D Appendix to Section 6

D.1 Proof of Proposition 6

We seek to decompose:

dWEfficiency
CE =

�
∑
ℓ,j,e

πa,ℓ,j,e

[
ϕ̃′

a,ℓ,j,e(N f ) + dwj,e

(
1 − tℓ,j,e

)
− wj,edtℓ,j,e − drℓ × ha,ℓ,j,e + dTa

]
dG(a)

First, note that

�
∑
ℓ

πa,ℓ,j,e(1 − tℓ,j,e)dG(a) = Lj,e,
�

∑
j,e

πa,c,j,eha,c,j,edG(a) = Hc − N f h f ,

�
∑
j,e

πa,p,j,eha,p,j,edG(a) = Hp,
�

∑
ℓ,j,e

πa,ℓ,j,edTadG(a) = ∑
ℓ

drℓHℓ + ∑
j

drK
j K j,

dtℓ,j,e = tℓ,j,eδ′(πℓ,j,e)dπℓ,j,e = ψ tℓ,j,eδ(πℓ,j,e)︸ ︷︷ ︸
tℓ,j,e−tℓ,j,e

dπℓ,j,e

πℓ,j,e

Using these results, we can write

dWEfficiency
CE = EΠ

[
ϕ̃′

a,ℓ,j,e(N f )
]
+ ∑

j,e
dwj,eLj,e − ∑

ℓ

drℓHa,ℓ,j

− ψ ∑
ℓ,j

πℓ,j,o(tℓ,j,o − tℓ,j,o)
dπℓ,j,o

πℓ,j,o
+ drc × N f h f + ∑

ℓ

drℓHℓ + ∑
j

drK
j K j

= EΠ
[
ϕ̃′

a,ℓ,j,e(N f )
]
+ ∑

j
d log(wj,e)wj,eLj,e + ∑

j
d log(rK

j )r
K
j K j

− ψ ∑
ℓ,j

πℓ,j,owj,o(tℓ,j,o − tℓ,j,o)
dπℓ,j,o

πℓ,j,o
+ drc × N f h f
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Now using the fact that

wj,oLj,o = αYj,o, rK
j K j = (1 − α)Yj,o,

wj,hLj,h = Yj,h, d log(wj,h) = γ
dLj

Lj
,

d log(wj,o) = (γ + α − 1)
dLj

Lj
, d log(rK

j ) = (γ + α)
dLj

Lj
,

where Yj,o = Aj(Lj,o)K
1−α
j Lα

j,o and Yj,h = Aj(Lj,o)ζLj,h, we can further simplify the expression above to

dWEfficiency
CE = EΠ

[
ϕ̃′

a,ℓ,j,e(N f )
]
+ γ ∑

j

Yj

Lj,o
dLj,o − ψ ∑

ℓ,j
πℓ,j,owj,o(tℓ,j,o − tℓ,j,o)

dπℓ,j,o

πℓ,j,o
+ drc × N f h f

Now, note that

dLj = ∑
ℓ

πℓ,j(1 − tℓ,j)
dπℓ,j

πℓ,j
− ∑

ℓ

πℓ,jdtℓ,j = ∑
ℓ

πℓ,j(1 − tℓ,j,o)
dπℓ,j

πℓ,j
− ψ ∑

ℓ

πℓ,jwj,o(tℓ,j − tℓ,j)dπℓ,j

and since dLj = ∑ℓ πℓ,j(1 − tℓ,j)
dπℓ,j
πℓ,j

, we can write

dWEfficiency
CE = EΠ

[
ϕ̃′

a,ℓ,j,e(N f )
]
+ γ ∑

ℓ,j
πℓ,j

Yj

Lj
(1 − tℓ,j)

dπℓ,j

πℓ,j
− γψ ∑

ℓ,j
πℓ,j

Yj

Lj
(tℓ,j,o − tℓ,j,o)

dπℓ,j

πℓ,j

− ψ ∑
ℓ,j

πℓ,j,owj,o(tℓ,j,o − tℓ,j,o)
dπℓ,j,o

πℓ,j,o
+ drc × N f h f .

Finally,

dWEfficiency
CE = EΠ

[
ϕ̃′

a,ℓ,j,e(N f )
]
+ Πofficeγ ∑

ℓ,j

πℓ,j

Πoffice

Yj

Lj
(1 − tℓ,j)

dπℓ,j

πℓ,j

− γψΠoffice ∑
ℓ,j

πℓ,j

Πoffice

Yj

Lj
(tℓ,j,o − tℓ,j,o)

dπℓ,j

πℓ,j

− ψΠoffice ∑
ℓ,j

πℓ,j

Πoffice wj,o(tℓ,j,o − tℓ,j,o)
dπℓ,j,o

πℓ,j,o

+ drc × N f h f .
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⇔ dWEfficiency
CE =

AE︷ ︸︸ ︷
EΠ

[
ϕ̃′

a,ℓ,j,e(N f )
]
+

PE︷ ︸︸ ︷
ΠofficeγCOVΠo

(
Yj

Lj
(1 − tℓ,j),

dπℓ,j

πℓ,j

)

−

PCE︷ ︸︸ ︷
γψΠofficeCOVΠo

(
Yj

Lj
(tℓ,j,o − tℓ,j,o),

dπℓ,j

πℓ,j

)

−

CE︷ ︸︸ ︷
ψΠofficeCOVΠo

(
wj,o(tℓ,j,o − tℓ,j,o)

dπℓ,j,o

πℓ,j,o

)

+

RW︷ ︸︸ ︷(
γ ∑

j
Yj − ψ ∑

ℓ,j
πℓ,j,owj,o(tℓ,j,o − tℓ,j,o)− γψ ∑

ℓ,j
πℓ,j,o

Yj

Lj,o
(tℓ,j,o − tℓ,j,o)

)
× dΠoffice

Πoffice

+ drc × N f h f .

D.2 The Mirrleesian program

The Mirrleesian program is

maxW(U) s. to (45)�
∑
j,e

πa,c,j,eha,c,j,edG(a) + N f h f = Hc (46)

�
∑
j,e

πa,p,j,eha,p,j,edG(a) = Hp (47)

Ua,ℓ,j,e = ua,ℓ,j,e + u
(

ca,ℓ,j,e, ha,ℓ,j,e

)
(48)

πa,ℓ,j,e = π̂a,ℓ,j,e(U) ≡ P
[
Ua,ℓ,j,e + ξℓ,j,e ≥ Ua,ℓ′ ,j′ ,e′ + ξℓ′ ,j′ ,e′ ∀ℓ′, j′, e′|a

]
(49)�

∑
a,ℓ,j,e

πa,ℓ,j,eca,ℓ,j,edG(a) + N f c f = ∑
j

A
(

Lj,o
)
[K1−α

j Lα
j,o + ζLj,h] + N f y f (50)

u f + u
(

c f , h f

)
≥ ϕ∗

f (N f ), (51)

where Lj,e ≡
�

∑ℓ πa,ℓ,j,e(1 − tℓ,j,e)dG(a).
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We write the Lagrangean for optimization as

L ≡W(U) + ∑
ℓ

µH
ℓ

(
Hℓ −

�
∑
j,e

πa,ℓ,j,eha,ℓ,j,edG(a)

)
− µH

c N f h f

+

�
∑
ℓ,j,e

πa,ℓ,j,eµU
a,ℓ,j,e

[
ua,ℓ,j,e + u

(
ca,ℓ,j,e, ha,ℓ,j,e

)
−Ua,ℓ,j,e

]
dG(a)

+

�
∑
ℓ,j,e

µCµIC
a,ℓ,j,e

[
πa,ℓ,j,e − π̂a,ℓ,j,e(U)

]
dG(a)

+ µC

[
∑

j
A
(

Lj,o
)
[K1−α

j Lα
j,o + ζLj,h] + N f y f −

�
∑

a,ℓ,j,e
πa,ℓ,j,eca,ℓ,j,edG(a)− N f c f

]

+ µ f
[
u f + u

(
c f , h f

)
− ϕ∗

f (N f )
]

D.3 Proof of Proposition 7

At the optimum, the foreigners participation constraint must bind

u f + u(c f , h f ) = ϕ∗
f (N f ), (52)

so there are no quota restrictions on the entry of foreign residents.

Taking first-order conditions with respect to ca,ℓ,j,e, ha,ℓ,j,e, c f , and h f , we obtain

[ca,ℓ,j,e] µU
a,ℓ,j,euc(ca,ℓ,j,e, ha,ℓ,j,e) = µC

[ha,ℓ,j,e] µU
a,ℓ,j,euh(ca,ℓ,j, ha,ℓ,j,e) = µH

ℓ

[c f ] µ f uc(c f , h f ) = N f µC

[c f ] µ f uh(c f , h f ) = N f µH
c

These imply that

uh(ca,ℓ,j,e, ha,ℓ,j,e)

uc(ca,ℓ,j,e, ha,ℓ,j,e)
=

µH
ℓ

µC , and
uh(c f , h f )

uc(c f , h f )
=

µH
c

µC .

So, the marginal rates of substitution for houses and consumption are equalized for all individuals who live in

location ℓ, including foreigners. This implies that τh
a,ℓ,j,e = 0 and τh

f = 0.

Finally, the first order condition with respect to N f is given by
�

∑
ℓ,j,e

πa,ℓ,j,eµU
a,ℓ,j,eϕ′

ℓ,j,e(N f )dG(a)− µH
c h f + µC[y f − c f ]− µ f ϕ∗,′

f (N f ) = 0.
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Using the fact that µU
a,ℓ,j,e/µC = 1/uc(ca,ℓ,j,e, ha,ℓ,j,e), µH

c /µC = rc, and µ f /µC = N f /uc(c f , h f ) we can write

T f ≡ y f − c f − rch f = −
�

∑
ℓ,j,e

πa,ℓ,j,eϕ̃′
a,ℓ,j,e(N f )dG(a) + χũ∗

f .

D.4 Proof of 8

We have already established that τh
a,ℓ,j,e = 0. Taking first order conditions with respect to πa,ℓ,j,o we get

µCµIC
a,ℓ,j,o − µH

ℓ ha,ℓ,j,o

+ µC

[
γ

Yj

Lj,o
(1 − tℓ,j,o) + α

Yj,o

Lj,o
(1 − tℓ,j,o)− γ

Yj

Lj,o
tℓ,j,oδ′(πℓ,j,o)− α

Yj,o

Lj,o
tℓ,j,oδ′(πℓ,j,o)− ca,ℓ,j,o

]

+ µ f dϕ f (π)

dπa,ℓ,j,o
= 0

⇔µIC
a,ℓ,j,o − rℓha,ℓ,j,o

+ γ
Yj

Lj,o
(1 − tℓ,j,o) + wj,o(1 − tℓ,j,o)− γψ

Yj

Lj,o
(tℓ,j,o − tℓ,j,o)− ψwj,o(tℓ,j,o − tℓ,j,o)− ca,ℓ,j,o

+
dϕ̃ f (π)

dπa,ℓ,j,o
= 0

and so

Ta,ℓ,j,o = µIC
a,ℓ,j,o + γ

Yj

Lj,o
(1 − tℓ,j,o)− γψ

Yj

Lj,o
(tℓ,j,o − tℓ,j,o)− ψwj,o(tℓ,j,o − tℓ,j,o) +

dϕ̃ f (π)

dπa,ℓ,j,o
.

Similarly, the first order conditions with respect to πa,ℓ,j,h are

µCµIC
a,ℓ,j,h − µH

ℓ ha,ℓ,j,h + µC
[

A(Lj,o)ζ − ca,ℓ,j,h

]
+ µ f dϕ f (π)

dπa,ℓ,j,h
= 0

⇔µIC
a,ℓ,j,o − rℓha,ℓ,j,o + wj,h − ca,ℓ,j,o +

dϕ̃ f (π)

dπa,ℓ,j,h
= 0

and so

Ta,ℓ,j,h = µIC
a,ℓ,j,h +

dϕ̃ f (π)

dπa,ℓ,j,h
.

Let Ξa = ∑ℓ,j,e πa,ℓ,j,eTa,ℓ,j,e. Then,

Ξa = γ ∑
ℓ,j

πa,ℓ,j,o
Yj,o

Lj,o
(1 − tℓ,j,o)− ψ ∑

ℓ,j
πa,ℓ,j,owj,o(tℓ,j,o − tℓ,j,o)− γψ ∑

ℓ,j
πa,ℓ,j,o

Yj

Lj,o
(tℓ,j,o − tℓ,j,o)

+ N f ∑
ℓ,j,e

πa,ℓ,j,e
dϕ̃ f (π)

dπa,ℓ,j,e
+ ∑

ℓ,j,e
πa,ℓ,j,eµIC

a,ℓ,j,e.
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So,

Ta,ℓ,j,o =Ξa +

ΞPE
a,ℓ,j,o︷ ︸︸ ︷

γ

(
Yj

Lj,o
(1 − tℓ,j,o)− ∑

ℓ,j
πa,ℓ,j,o

Yj,o

Lj,o
(1 − tℓ,j,o)

) ΞCE
a,ℓ,j,o︷ ︸︸ ︷

−ψ

(
wj,o(tℓ,j,o − tℓ,j,o)− ∑

ℓ,j
πa,ℓ,j,owj,o(tℓ,j,o − tℓ,j,o)

)
ΞPCE

a,ℓ,j,o︷ ︸︸ ︷
−γψ

(
Yj

Lj,o
(tℓ,j,o − tℓ,j,o)− ∑

ℓ,j
πa,ℓ,j,o

Yj

Lj,o
(tℓ,j,o − tℓ,j,o)

)
+

ΞAE
a,ℓ,j,o︷ ︸︸ ︷

N f

(
dϕ̃ f (π)

dπa,ℓ,j,o
− ∑

ℓ,j,e
πa,ℓ,j,e

dϕ̃ f (π)

dπa,ℓ,j,e

)

+

ΞR
a,ℓ,j,o︷ ︸︸ ︷

µIC
a,ℓ,j,o − ∑

ℓ,j,e
πa,ℓ,j,eµIC

a,ℓ,j,e

and

Ta,ℓ,j,h =Ξa

ΞPE
a,ℓ,j,h︷ ︸︸ ︷

−γ

(
∑
ℓ,j

πa,ℓ,j,o
Yj,o

Lj,o
(1 − tℓ,j,o)

)
+

ΞCE
a,ℓ,j,h︷ ︸︸ ︷

ψ

(
∑
ℓ,j

πa,ℓ,j,owj,o(tℓ,j,o − tℓ,j,o)

)

+

ΞPCE
a,ℓ,j,o︷ ︸︸ ︷

γψ

(
∑
ℓ,j

πa,ℓ,j,o
Yj

Lj,o
(tℓ,j,o − tℓ,j,o)

)
+

ΞAE
a,ℓ,j,h︷ ︸︸ ︷

N f

(
dϕ̃ f (π)

dπa,ℓ,j,h
− ∑

ℓ,j,e
πa,ℓ,j,e

dϕ̃ f (π)

dπa,ℓ,j,e

)

+

ΞR
a,ℓ,j,h︷ ︸︸ ︷

µIC
a,ℓ,j,h − ∑

ℓ,j,e
πa,ℓ,j,eµIC

a,ℓ,j,e

E Appendix to Section 7

E.1 Perturbing housing and office endowments

Let W∗({Hℓ, Kℓ}) denote the Mirrleesian program optimized social welfare for each value of {Hℓ, Kℓ}.

Consider a perturbation such that H′
ℓ = Hℓ + εℓ and K′

ℓ = Kℓ − εℓ. Then, from the envelope condition:

dW∗({H′
ℓ, K′

ℓ})
dεℓ

= µH
ℓ − µC(1 − α)A(Lj,o)(K

′
j)
−αLα

j,o. (53)

The consumption-equivalent social welfare change is given by dW∗
CE

dεℓ
= dW∗

dεℓ
/µC. In the decentralization of the

Mirrleesian plan, µH
ℓ /µC = rℓ and rK

ℓ = (1 − α)A(Lj,o)(K
′
j)
−αLα

j,o. It follows that

dW∗
CE

dεℓ
= rℓ − rK

ℓ . (54)
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F Relation to the optimal tariff literature

We can interpret the sales of houses to foreigners as exports paid for in units of the tradable consumption good.

So, there is a connection between our results and those in the trade literature (see, e.g., Dixit, 1985, Caliendo and

Parro, 2022, and references therein). In this appendix, we discuss this relation using a simple trade model.

Consider a world with a home country and n ∈ R identical foreign countries. Countries are endowed with

two consumption goods, 1 and 2. The home country has y1 units of good 1 and y2 units of good 2. Each foreign

country has y∗1 and y∗2 units of goods 1 and 2, respectively (throughout, we use stars to denote foreign-country

variables). The representative agent of the home country has utility u(c1, c2), and the representative agent of each

foreign country has utility u∗(c∗1 , c∗2).

Abstracting from location choices and goods production, this model is analogous to our baseline model if we

interpret one good as houses and the other as consumption.

F.1 Why is the optimal tax on houses bought by foreigners zero?

To compute the optimal tariff, we assume that the home country can unilaterally impose a proportional tax τ on

imports (or, equivalently, a subsidy to exports). The resulting tax revenue, T, is rebated back to the households of

the home country. The budget constraints of home and foreign consumers are given by

c1 − y1 + (1 + τ)p(c2 − y2)− T = 0, (55)

c∗1 − y∗1 + p(c∗2 − y∗2) = 0, (56)

where p denotes the relative price of good 2 in units of good 1. Two first-order conditions describe the equilibrium

in this economy,

u2

u1
= (1 + τ)p, (57)

u∗
2

u∗
1
= p, (58)

the budget constraints (55) and (56), the resource constraints,

c1 + nc∗1 = y1 + ny∗1 , (59)

c2 + nc∗2 = y2 + ny∗2 , (60)
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and the government budget constraint,

T = τp(c2 − y2). (61)

We compute the optimal tariff using the primal approach developed by Lucas and Stokey (1983). This approach

involves choosing {c1, c2, c∗1 , c∗2} to maximize the utility in the home country subject to the resource constraints (59)

and (60), the implementability condition

u∗
1(c

∗
1 − y∗1) + u∗

2(c
∗
2 − y∗2) = 0, (62)

and a participation constraint for the foreign countries:19

u∗(c∗1 , c∗2) ≥ u∗. (63)

This constraint reflects the existence of un-modelled alternatives to trading with the home country, which guaran-

tee a level of utility u∗.

Theorem 1. Let φ and λp denote the Lagrange multipliers associated with (62) and (63), respectively. The optimal tariff is

given by

τ = φ

(
u∗

22
u∗

2
− u∗

21
u∗

1

)
(c∗2 − y∗2)−

(
u∗

11
u∗

1
− u∗

12
u∗

2

) (
c∗1 − y∗1

)
λp + φ

[
1 + u∗

11
u∗

1

(
c∗1 − y∗1

)
+

u∗
21

u∗
1

(
c∗2 − y∗2

)] ̸= 0. (64)

Suppose that u∗(c∗1 , c∗2) = [(c∗1)
1−σ + (c∗2)

1−σ]/(1 − σ), then the optimal tariff takes the form

τ = σφ

(
c∗1−y∗1

c∗1

)
−
(

c∗2−y∗2
c∗2

)
λp + φ

[
1 − σ

(
c∗1−y∗1

c∗1

)] .

Suppose φ > 0. If foreigners export good 2, then c∗1 > y∗1 and c∗2 < y∗2 . The optimal tariff is positive (τ > 0). If

foreigners export good 1, then c∗1 < y∗1 and c∗2 > y∗2 . The optimal tariff is negative (τ < 0).

This is the classical result that a country has an incentive to unilaterally tax imports or subsidize exports to

manipulate terms of trade and obtain monopolistic rents. In our baseline model, the home country exports houses

and imports traded goods. So, why do we find that taxing the houses foreigners purchase is not optimal?
19These are necessary and sufficient conditions to solve for the equilibrium allocations. They are necessary because the equilibrium condi-

tions imply them. Sufficiency can be proved as follows. Take a set of allocations {c1, c2, c∗1 , c∗2} that satisfies these conditions. These allocations
can be equilibrium allocations for an appropriate choice of prices and policies. We can always find a tariff, τ, and a relative price, p, that
satisfy the marginal rates of substitution (57) and (58), respectively. We can always find T that satisfies the domestic budget constraint (55).
Using these values for p, τ, and T, the foreign budget constraint (56) is satisfied since the implementability condition (62) is also satisfied. The
government budget constraint is satisfied by Walras’ law. Finally, the resource constraints are also satisfied since they are imposed. It follows
that we can always construct an equilibrium that implements the allocations {c1, c2, c∗1 , c∗2}.
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In deriving the optimal tariff, we have assumed that levying a lump-sum tax on foreigners is impossible.

However, our baseline model does not preclude this possibility since the home country can impose an entry fee

on foreign residents. Suppose that in our trade model, the home country can charge foreign countries a fee T∗ for

the right to trade. The foreigners’ budget constraint is

c∗1 − y∗1 + p(c∗2 − y∗2) + T∗ = 0. (65)

The domestic budget constraint takes the same form (55),

c1 − y1 + (1 + τ)p(c2 − y2)− T = 0

where the rebates to domestic households are now given by

T = τp(c2 − y2) + nT∗.

We do not need to impose the implementability condition, (62), since this condition can always be satisfied

by choosing an appropriate trade fee, T∗. So, the new planning problem is to maximize the welfare of the home

country subject to (59), (60), and (63).

Proposition 9. Suppose that the home country can impose a right-to-trade fee, T∗. Then, the optimal tariff is zero

τ = 0. (66)

The right-to-trade fee is set so that foreign countries are indifferent between trading and not trading:

u∗(c∗1 , c∗2) = u∗. (67)

When a lump-sum instrument is available, it is always better to use it to extract the gains from trade from

foreign countries than to impose a distortionary tax on trade. The reason is as follows. A zero tariff maximizes

the gains from trade. These gains are then taxed away by the home country using the lump-sum instrument. This

scheme resembles the optimal use of a two-part tariff by a monopolist. It is optimal for the monopolist to set the

price equal to the marginal cost and use a fixed fee to extract all the consumer surplus.

In our model, we impose no exogenous restrictions on the available instruments. Instead, the set of feasible

instruments is determined by the primitive informational constraints faced by the planner or government. Since
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the planner can observe the country of origin, it can design a tax system with a lump-sum tax on foreigners. The

result above implies that it is not optimal to tax houses.

In our model in the main text, for any fixed number of foreign countries N f , it is optimal for the home country

to choose a non-zero entry fee Tf ̸= 0 to extract the gains of foreign countries relative to their outside option.

F.2 Why is a zero entry fee optimal in our model?

The third part of Proposition 3 states that the optimal entry fee is zero in our main model. This result reflects the

fact that the planner can choose the optimal number of foreigners, N f .

To discuss the optimal entry fee using the trade model presented in this section, we allow the home country to

choose the number of trading partners, n. Let λ1 and λ2 denote the Lagrange multipliers on resource constraints

for good 1 and 2, respectively. The first-order condition for n is20

λ1(y∗1 − c∗1) + λ2(y∗2 − c∗2) = 0. (68)

This equation equates marginal benefits with marginal costs. The marginal benefit of an additional trading partner

is the value of the goods they bring to the table λ1y∗1 + λ2y∗2 . The marginal cost is the value of goods they consume

λ1c∗1 + λ2c∗2 .

Combining (68) with the implementability condition (62), we find that

λ1(y∗1 − c∗1)
u∗

1(y
∗
1 − c∗1)

=
λ2(y∗2 − c∗2)
u∗

2(y
∗
2 − c∗2)

⇔ u2

u1
=

λ2

λ1
=

u2

u1
. (69)

If the home country cannot levy a lump-sum tax, T∗, then the optimal number of trading partners is τ = 0.

If the home country can choose T∗ ̸= 0, then we already know that τ = 0 and p = u∗
2/u∗

1 = λ2/λ1. It then

follows from (68) that

(y∗1 − c∗1) +
u∗

2
u∗

1
(y∗2 − c∗2) = 0 ⇔ (y∗1 − c∗1) + p(y∗2 − c∗2) = 0 ⇔ T∗ = 0. (70)

So, even if the home country can levy a lump-sum tax, the optimal number of trading partners is T∗ = 0.

These results are summarized in the following proposition, which echoes the results in Proposition 3.

Proposition 10. Suppose the home country can choose the number of trading partners, n. Then, the optimal number of

trading partners is such that:
20We assume throughout that the solution is interior.
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1. If the home country cannot impose a right-to-trade fee, then the optimal tariff is zero, τ = 0.

2. If the home country can impose a right-to-trade fee, then the optimal fee is zero, Tf = 0.

It follows that the optimal number of trading partners is the same as in a laissez-faire solution. To explain why,

we start with too few trading partners. As we increase n, each trading partner receives a smaller portion of the

home country’s exports. The relative price of the exported good rises, and the home country benefits more from

exports.21 To satisfy the participation constraint, the home country must reduce the rights-to-trade fee. The benefit

from increasing the value of exports is strictly higher than the reduction in fee revenue.

For analogous reasons, in our model, optimizing the number of foreigners N f requires setting the entry fee, Tf ,

to zero.

F.3 Numerical example

We illustrate the results described in propositions 9 and 10 with a numerical example. We assume that the utility

function takes the form u(c1, c2) = (c1−σ
1 + c1−σ

2 )/(1 − σ) and u∗(c∗1 , c∗2) = [(c∗1)
1−σ + (c∗2)

1−σ]/(1 − σ) and set

σ = 0.25. We also set y1 = 1, y2 = 0.3, y∗1 = 0.3 and y∗2 = 1. We set the foreigner’s outside option to u∗ = 1.7371.22

Figure 8 displays the optimal tariff as a function of the number of trading partners, n, when the rights-to-trade

fee is restricted to zero. We also display the optimum under the additional assumption that trading partners are

free-disposable, i.e., the home country can trade with fewer than the n countries. The dotted red line represents

the results under this additional assumption. The panel in position (1,1) displays the welfare in the home country,

the panel in (1,2) the optimal tariff, the panel in (2,1) the right-to-trade fee (which in this case is restricted to zero),

and finally panel (2,2) the transfer of the tariff revenue to the domestic household, T.

21The home country also exports more in total, so it consumes a lower amount of the exported good and more of the imported good.
22In this numerical example, as the outside converges to the utility under autarky, u∗(y∗1 , y∗2), the optimal number of trading partners con-

verges to infinity.
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Figure 7: Optimal tariff

When the right-to-trade fee is restricted to zero, it is optimal to impose a tariff, i.e., a tax on imports. As

the number of trading partners increases, the optimal tariff falls. Home welfare rises for small n and reaches a

maximum when n = n∗ = 6.53. As shown in Proposition 10, the optimal tariff when the country can choose the

optimal number of trade partners is zero. Past this optimal number of trade partners, home welfare falls because

the home country has to subsidize imports. This subsidy transfers resources to foreign countries and helps satisfy

their outside option.

So, when n ≥ n∗ and trading partners are freely disposable, it is optimal to implement a laissez-faire policy in

which tariffs are zero and foreign countries freely choose whether to trade with the home country.
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Figure 8: Optimal right-to-trade fee

Figure 8 displays the results for the case of the optimal tariff and rights-to-trade fee as a function of the number

of trading partners, n. As in Figure 7, we also display the optimum under the additional assumption that there is

free-disposal of trading partners, i.e., the home country can trade with fewer than the n countries. The dotted red

line represents these results. The panel in position (1,1) displays the welfare in the home country, the panel in (1,2)

the optimal tariff, the panel in (2,1) the trade fee (which in this case is restricted to be zero), and finally panel (2,2)

the transfer of the tariff revenue to the domestic household, T.

When the home country can impose a right-to-trade fee, setting the tariff to zero is always optimal, echoing the

results in Proposition 9. As the number of trading partners increases, the optimal right-to-trade fee falls. Home

welfare rises for small n and reaches a maximum when n = n∗ = 6.53. If n < n∗, it is optimal to impose a positive

rights-to-trade fee. As n increases, the optimal rights-to-trade fee falls and reaches zero when n = n∗, as shown

in Proposition 10. If n > n∗, the optimal right-to-trade fee becomes negative. This subsidy transfers resources to

foreign countries and helps satisfy their outside option.
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For n ≥ n∗ and free-disposability of trading partners, it is optimal to implement a laissez-faire policy in which

tariffs are zero and foreign countries freely choose whether to trade with the home country.
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